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I. ISFSOBUCTIOL 
Nitrogea occupies a uaiqme position aaoag the major 
nutrient elements in that it oeeurs in soils almost entirely 
in the organic foim. fh© nitrogen fertility of a aoil 
depends ehiefly upon the rate at whieh organic nitrogen 
coapounda are converted to soluble inorganic forms. Since 
this conversion is accoaplished through biological agencies, 
nitrogen Mineralization in soils is affected by any factors 
which influence the activity of the aicroorganims Involved. 
As a matter of fact, all soil organims play at least a small 
role in the nitrogen cycle. For this reason the responses 
to environmental conditions of the entire microbial popula­
tion of the soil are reflected to some extent in nitrogen 
transformations. 
Food supply is one of the more influential factors which 
control mierobiolc^ical activity and affect nitrogen trans-
fomations in soil. Of particular importance is ttoe quantity 
and quality of organic natter in the soil which can be 
utilized by microorganisss. Since nitrogen is required by 
microbes as well as by higher plants, the carbon and nitrogen 
cycles in soil have a complex interrelationship. 
The relative proportions of nitrogen and organic energy 
material in soil are coamonly expressed in terns of carbon; 
nitrogen ratios, A great deal of experimental work has been 
done to sMow tbe correlation® between carbon; nitrogen ratios 
and various microbial proeessis, such as the rate of decompo­
sition of oisanic matter and the release of nitrogen in forms 
a"?allable to higher plants, this type of approacli to nitrogen 
and organic matter relationships has been of considerable 
value and lends itself well to practical application of exper­
imental findings. Howefer, explanations of biological pro­
cesses based on a single valu® such as the carbon: nitrogen 
ratio are unquestionably oversimplified. This ratio makes 
no distinction between the various organic compounds repre­
sented in the carbon figure, yet microorgani^s certainly 
utilize some types of organic materials more readily than 
others. Moreover, aost nitrogen in the soil is likely present 
as plant or microbial protein, which represent a diversity 
of nitrogen compounds. 
fiecently developed experimental techniques involving the 
use of isotopic tracers have mad© it possible to follow carbon 
and nitrogen added to soil in plant residues through various 
tisnsformations, and to distinguish thea from carbon and 
nitrogen initially present in the soil. 
In the study of microbial processes in soil much emj^asis 
has been placed on the chemical nature of the food supply. 
Bie physical factors in the microbial environment, however, 
are also of great importanee. the capacity of the soil 
3-
pQpulatioa to oxidize complex organic coi^ounds, produce 
araaonia tmm proteias, oxidize aamonia to aitrate, and to 
briag about a great number of other biochemical transform-
Sktions is influenced by such soil conditions as moisture 
content, temperature, and degree of aej^ation. If the 
microbial eni^ironment is unfavorable with respect to one or 
more of those factura, biological activity in the soil may 
be severely or completely curtailed even though other con­
ditions such as food supply are at an optimum. 
In this dissertation am reported various experiments 
designed to determine the effects of organic materials such 
as plant residues having a relatively high pTOportion of 
constituents available to microorganisms on the decomposition 
of, and nitrogen release from the more inert, less available 
organic matter in soils. The use of the stable isotopes 
and as tracers has made available certain inform­
ation which could not have been obtained by the usual 
laboratory techniques. 
Herein also are reported ea^eriments concerned with 
the effect of two physical factors on the rate of organic 
matter deco^osition and on nitregen immobilization and 
release. Specifically, the effects of quantity of plant 
material added to soil on decomposition rates and on nitrogen 
immobilization were investigated, and results explained in 
terms of space or surface limitations. The effect of partial 
4' 
pressure of oxygen on deeoaposition of a few organic materials 
was iflvestlgated in oilier es^erinents. la eonneetion witli 
the latter, nitrogen release at various oxygen tensions was 
also determined. 
•5 
II. HlSfOBICiO. 
A. leslstaot of Soil Orgaaic Matter 
Our present day eoaeeptlon of soil organic matter as 
a rather inert substanee, relatiiralf resistant to microbial 
decoapositloa, has evolved from, the early opinion that feumus 
is only slowly decomposed. It has been regarded as the end 
product of the decoi^ositlon processes; fresh plant residues 
which decoi^ose rapidly upon their addition to soil are not 
considered to be part of the humus. Hitrogen present in 
soil organic matter is comoaly thought to possess a low 
degree of availability, and a number of explanations have 
been advanced to account for this. Deherain (14) and 
Hebert (18) were the first to express the view that humus 
is largely a mixture of lignin and proteins, and that lignin 
is the resistant part of plant residues. 
laksaan (§8) postulated the existence of che®ioai or 
adsoiTption compounds which he termed the "llgno-protein 
complex'*. This complex was considered by Waksman and 
Hutchings (59) to fix the protein in an unavailable form, 
whereas proteins in the free state are readily attacked by 
microorganisms. 
Hobson and Page (19) concluded that soil huaus consists 
of non-nitrogenous "huaic acid" and protein, and that the 
manaer of assosiation is more intimate tliaii that in-solved in 
the formation of a colloidal salt hf mutual precipitatioB of 
negative "feiiraie acid" and positive protein, 
ffaksaan and Iyer (iO) (61) i&B) synthesized "humus 
complexes" and found that lignin exercised a depressive 
effect upon the decomposition of protein, but observed no 
corresponding depression of celliiLose decomposition by lignin, 
fhis indirect evidence was considered to be proof of the 
existence of ligno-protein complexes. They thought it possi­
ble that ligno-protein is closely bound with other complexes, 
both organic and inorganic. Some evidence for the existence 
of protein-clay complexes was obtained by Insminger and 
Gieseking (15) who demonstrated by means of X-ray crystallo-
graphic techniques that albmen and gelatin are adsorbed 
within the characteristic expansible portion of the B^ntmor-
illonite crystal lattice. Adsorption of albumen and hemo­
globin by base exchange clays was found to interfere with the 
enzymatic hydrolysis of these proteins in both acid pepsin 
suspensions and alkaline pancreatin suspensions (16). 
Mattson (E5) studied the eleetrokinetie and chesioal 
behavior of aluminum and ferric proteinates, and of protein-
bentonates and silicates—all complexes he considered to be 
present in soil. He suggested that protein, coagulated in 
the form of various complexes, may be resistant,to decompo­
sition just as is leather, a protein tannate. 
-7-
MoLean (28) strongli- questioEed the validity of the ligno-
protein theory. In experimants iOTol-^ing treatment of the 
soil with hydrogen peroxide of various concentrations he found 
an oxidizahle eomplex of definite composition aeoountiag for 
70-80% of the total carhon and nitrogen. Starting with 
hydrogen peroxide of the lowest eonoeatration, he found that 
when the concentration of th© peroxide was increased, increas­
ing amounts of the oxidiaable complex of constant composition 
were r^eoved. He stated that it is hardly conceivable chmi-
cally that a ligno-proteia complex would thus be oxidized in 
a progressive manner. 
lorman (34) expressed doubt that ehmical eoffibination of 
protein with lignin to fom a roughly spherical molecule could 
greatly interfere with proteolyais, since so few of the pep­
tide linkages could b© blocked. 
There is some experimental evidence in disagreement with 
the usual conception of ligain as a resistant material. 
Phillips et al (40) made a study of the selective deoomposi-
tion by soil organisms of various constituents in cornstallts 
and other crop residues. They stated that under suitable 
conditions th© rate of lignin loss may be as great as that of 
the cellulose. Bennett (7) found that the addition of lignin 
did not retard decomposition of timothy hay and corn silage, 
and accelerated that of corn stalks and oat hay. 
••8— 
1 Hecent work In the stable G isotope was us®d 
as a tracer (12) strongly indleates that if a lignin-protein 
ocMiplex does exist in soil, it is not particularly resistant 
to decomposition by an active microbial population. 
In spite of inadequate present day knowledge and dif­
ferences of opinion concerning tto® nature of sail organic 
matter, it is quite generally agreed that lignin-derived 
fraction and a protein-derided fraction account for a large 
part of the total. I:^erlments of the type reported by 
Gksttlieb and Hendricks (17) indicate that the lignin-derived 
fraction is chemically ¥@ry different from the lignin in 
plants. Moreover, it is quite certain that the protein-
deri'^'ed fraction is not very similar to plant protein. 
B. litrogen Imaobilizatioa and Mineralization 
In 1921 Hutchinson and Richards investigated the sta­
bilization of nitro^n in an organic form during the fermen­
tation of plant materials and calculated a "nitrogen factor" 
expressing the quantity of inorganic nitrogen utilized by 
microorganisms decomposing plant materials. In their investi­
gations this factor was generally about 0.7^ of the original 
dry weight of the plant material. (48) 
Allison (4) noted that the addition to soils of readily 
decomposable materials of wide carbon: nitrogen ratio resulted 
.Q. 
in a decrease in soil .nitrates. 'Shis was explained on the 
basis of assimilation by soil microorganisms. He stated that 
the decrease due to iimobilization is not pemaneat, but 
continues until there is sufficient time for the protein to 
be made available to plants through aiamonification and nit­
rification. 
Waksman and Tenney (65) studied the deooropositlon of the 
rye plant at various stages of maturity in sand and in soil 
and stated that the rapidity of liberation of nitrogen in 
an available form depends upon the rate of decoiaposition and 
upon th® nitrogen content of the plant. Biey noted that when 
the nitrogen content of the plant is about 1,7^9 it is just 
sufficient to cover the requireaents of th© microorganisias 
which are active in the deco^osition of the plant material, 
and that any excess above 1,1$ is rapidly liberated in an 
available for®, laksaan (58} later placed this figure at 
1.5^. 
Horman (31) (32) detewined the nitrogen immobilized 
during the rotting of various materials of both plant and 
microbial origin. He found that the nitrogen factor for 
straws usually lies between 0.7 and 0.9^, indicating that 
l.£-1.3^ nitrogen in the original-material would be suff­
icient for optimum decomposition. He proposed the term 
"nitrogen equivalent" to express the quantity of nitrogen 
ianoobilized per unit of plant material decomposed. He found 
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that maxlmm isimobllizatlon oecurr«4 andsp neutral or slightly 
alkaline eoniitioas (32). It shouli b® pointed out that his 
experiments were carried out in the ahsenee of soil. 
Biehards and Norman (48) found no direct relationship 
between the nitrogen factor and the composition of plant 
materials. They suggested that organic residues having 
adequate nitrogen for decomposition may still utilize addi­
tional inorganic nitrogen owing to the preferential use of 
the latter. 
Jensen (21) attributed the comparatively low fertilizing 
value of the organic nitrogen of manures to the wide carbon: 
nitrogen ratio of the materials, with the result that part 
of the nitrogen was used up as food by aicroorganlsms. He 
found that although mineral nitrogen was produced after the 
exhaustion of the available nutrient supply, only a fraction 
of the added nitrogen appeared as nitrate, even after a long 
period of time, similar results were reported by Pinck et 
al (42), who found that the carbon: nitrogen ratio of a straw-
urea mixture in soil had to be less than 3S;i in order to 
avoid nitrate depression by the straw under winter conditions. 
Under eummer conditions the critical ratio was somewhat 
narrower, generally around 28:1. Additions of nitrogen above 
that required by the soil flora produced a linear effect on 
the total nitrogen content of crops gKJwing on the soil to 
11 
wfeleh tlie straw-urea mixtures were added, fhe recovery of 
nitrogen by two successive crops was only about balf of that 
added. 
In view of the fact that some of the experiments con­
cerned with nitrogen imohilization during organic matter 
decomposition have been perfomed in soil and others out of 
soil, the findings of different workers are not strictly 
comparable. However, there seems to be fairly general agree­
ment that iamobilization occurs when the carbon: nitrogen 
ratio of decomposing materials is greater than about 30:1. 
The liberation of nitrogen fro» organic materials in 
a form available to crop plants does not begin at the point 
where ismobilization no longer occurs. Parbery and Swaby (37) 
determined nitrogen recovery following incorporation of organ­
ic materials in soil by cropping with Italian rye grass. 
13iey used a wide variety of nitrogenous materials ranging 
from 88:1 to 3:1 in carbon: nitrogen ratio. During a £78 day 
period they obtained m nitrogen release from plant materials 
containing less than l.S^ nitrogen, and sufficient nitrogen 
fQt erop needs was released only from materials containing 
at least 2.6^. In terms of carbon; nitrogen ratios, suffi­
cient nitrogen for the crop was not released from materials 
in which the ratio was greater than 16:1. 
In similar experiments lubins and Bear (49) found that 
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the carbon; nitrogen ratio of waste organic materials was an 
aid in interpreting the availability of tlcir nitrogen, but 
the resistance of the protein in the materials also had to be 
considered. 
Salter (50) in studying the influence of carbon; nitrogen 
ratio on the accuBailation of organic natter in soils found 
that a wider ratio than 10;1 caused the loss of carbon, irtiere-
as a narrower ratio caused the loss of nitrogen. He stated 
that wide ratio materials cause nitrate depression for sev­
eral months, and that imobilized nitrogen will not be avail­
able to crops until the ratio has narrowed to 10:1. 
Pinck et al (41) conducted greenhouse experiments on the 
effect of green manures upon nitrogen recovery and soil carbon 
content. They noted that at any given nitrogen level the 
percentage of added organic cart>on retained in soil increased 
with the maturity of the added plant Material, ^t high 
nitrogen levels about 14:^ of the added nitrogen was lost 
regardless of the fora in which it was added. Biis loss was 
ascribed to metabolic processes within the plant. 
It appears that although the retuirements of soil 
microorganisms for nitrogen in the decomposition of crop 
residues are usually met when the carbon: nitrogen ratio of 
the residues is about 30:1, organic nitrogen in excess of 
their requirements does not become immediately available to 
crops unless the carbon: nitrogen ratio is much narrower— 
13' 
usually in the vicinity of 1&:1. 
C. Iffeet of AeratioE on Oiganie Matter Decoaposition ana 
litrogen Transfomations, 
It is a well known fact tlaat the composition of soil air 
differs from that of the atmosphere at the surface. This is 
due to slow diffusion of gase# through the soil, Aich peimits 
carbon dioxide evolved in the respiration of plant roots and 
soil microorganisms to accusulate, with a eorrespondii^ deple­
tion of the oxygen supply in the saae process. In the extreme 
case of waterlogged soil air becomes completely displaced and 
the soil environment becomes entirely anaerobic. 
Boyaton and Beuther CIO) {11) detemined ttie composition 
of the soil air at various Intervals by placing ••wells" of 
glass tubing at various depths in the soil and pumping out 
the soil gases with a mercury pMp. They found that the 
carbon dioxide content at a one-foot depth occasionally went 
as high as 3.7'^ by volume as compared with 0.03!^ in the atmos­
phere at sea level; -the oxygen percentage went as low as 15^ 
as compared with about EO^ .at the soil surface. At a six-
foot depth the carbon dioxide content went as high as 15^ and 
the oxygen percentage as low as Beuther and Crawford (47) 
used the same technique in sampling gst'ses in a calcare­
ous irrigated soil and found that the oxygen percentage went 
-14-
as low as 4.1 and carbon dioxid© as as 8.7. 
These data indicate that there is very considerable 
variatioa in the oxygen eoneentration in soil air; however, 
most of the work on microbiological processes has been done 
under conditions which are either entirely aerobic or entire­
ly anaerobic. Tarious workers (1) (2) (3| (8) {56} have 
shown that the anaerobic decompositions of plant materials is 
much slower than under aerobic conditions, although there is 
some indication that lignin may be more rapidly attacked in 
the former circumstance (3) 
Soil nitrogen transformations have been reported to be 
markedly different under anaerobic conditions from those which 
occur in normal, well aerated soils. According to Acharya (2) 
the nitTOgen requirements of the anaerobic flora are much 
lower, probably due to the absence of fungi and actinomyeetes. 
fhe oxidation of asmonia to nitrate does not occur, and 
nitrogen may be lost fraoi the soil through denitrification. 
Barritt (5) found that nitrogen gas was given off by soil 
bacteria during denitrification only in the presence of an 
oxidized form of nitrogen such as nitrite or nitrate together 
with available energy material. Sreenivasan and S^brahmanyan 
(54) attributed loss of nitrogen from organic materials added 
to waterlogged soils to volatilization of ammonia rather than 
to denitrification, lollen (8) found considerable carbon 
dioxide to be evolved from a waterlogged soil, and denitri-
-15-
fieatioxi of aided aitrate was eomplet© within 30 days. 
Willis and Sttirgis (67) inirestigated the effect of 
temperature and reactiom on i3itrog#n losses from flooded 
soils and stated that high losses of umaoaia may oeour from 
©oils high in organic matter eontent. They found that in­
creasing the soil pH increased the nitrogen loss, which 
suggests that ammonia accounted for at least part of the 
loss"^ 
fhere i® some evidence that denitrification is not 
entirely an anaerobic process. Corbet and Wooldridge (13) 
reported that a biological mechanism exists in soils which 
is able to effect aerobic losses of nitrogen. The presence 
of a supply of carbonaceous material suitable for the growth 
and energy requirements of the microbial population and 
nitrite or nitrate as an available source of nitrogen were 
found to be necessary for aerobic denitrification. 
Korsakava { 2 2 )  found that the reduction of nitrate by 
two species of bacteria was not affected by aeration or by 
partial pressure of oxygen. He concluded that the reduction 
of nitrate does not req^uire anaerobic conditions. 
Meikle^ohn (89) described two species of Pseudoaionas 
which could reduce nitrite and nitrate to free nitrogen 
under either aerobic or anaerobic conditions. 
^ith et al (fS) reported that passioxygen through 
the soil stimulated nitrate production, but obtained an 
-16' 
apparent decrease In altrete produetion hy passing earboa 
dioxia© throiigli the soil. 
It is apparent tbat the effects of aeration oa soil 
organie matter decomposition and nitrogen transformations 
are by m means well understood, and much work remains to 
be done before these transforaatioas are ftilly characterized. 
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III. 
4. Frineipl® Objeetlves 
fh® purposes of this work were: (1) To determine the 
effeet of added plant ttaterials relatively high in available 
constitwents on the deooaposition of the biologically moi^ 
resistant soil organic matter or h«musj (2) to determine the 
effect of such added plant materials on nitrogen release from 
®oil organic matter; (3) to investigate the effect of concen­
tration of plant materials on the relative extent of decom­
position in soil; and (4) to study the effect of the partial 
pressure of oxygen on organic matter decomposition and 
nitrogen release in soil. 
B. Decomposition of Beadily Available Energy Materials 
By the use of as a tracer it has been shown (IE) 
that the decomposition of Sudan grass in soil greatly in­
creased the rate of decomposition of the organic matter 
already present. In view of the well known practical diff­
iculty of increasing the level of organic matter in soils 
it seemed desirable to ascertain whether addition of avail­
able organic substances to soil might not under certain 
conditions result in a net decrease of organic matter. 
-X0-
1. PeooBrpositloii of sue rose and eelltalose in Marshall silt 
loam 
EHSESHS.- Tea-graa samples of Marshall silt lo-am 
eojstainlng 1.61^ organic carbon were weighed into 50 ml. 
Erlenmejer flasks. Oae set of flasks received no organic 
additions; a second set r®cel¥ed 100 mg. sucrose, and a 
third set received 100 mg. of corn stalk cellulose. Half 
of the flasks in each set received 20 mg, potassium nitrat®. 
Sufficient water was added to bring the soil in ©aoh flask 
to 75^ of field capacity, and the flasks ware then allowed 
to incubate for 67 days. Accurat# dry weight determinations 
ware made before and after incubation and the organic matter 
logs obtained by decrease in weight. Carbon determinations 
by the dry combustion method were also made. Ihe results 
obtained are shown in Table 1, 
Hesults. It is apparent that the added energy 
sources, sucrose and cellulose, were extenaively decomposed, 
particularly where nitrate was added, idthough "purified" 
cellulose is not ordinarily as susceptible to attack by 
microorganisms as naturally occurring cellulose in plant 
tissues, its decomposition in this case was not markedly 
less than that of the sucrose, there sucrose and nitrate 
were added, the weight loss exceeded the initial weight of 
sucrose added, since 100 mg. of sucrose contains 42.1 mg. 
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fable 1 Weight and carbon loss«a duriag incubation of 10 grams 
of Marshall silt loam for 6f days. 
WtV los's '"ft." los-s~"F'i"nal C-ioss Batio 
,1^,, as of C • mg. C-loss 
aided. Wt* loss 
O.K. 
10 g. soil 5.8 1.62 17.7 3.1 
alone 3.1 «•» 1.66 13.7 4.4 
7.9 — 1.79 1.1 1.4 
9.4 
--
1.73 6.9 0.9 
10 g. soil 93.7 93.1 1.77 45.1 0.48 
0.1 g. sucrose 96.8 96.B 1.76 46.1 0.48 
95,9 96.3 1.73 49.0 0.51 
87.8 87.3 1.71 50.8 0.58 
10 g, soil 111.8 111.1 1.67 54.8 0.49 
0.1 g. sucrose 111.1 111.0 l.<&9 m,9 0.48 
go mg, EMOg 110. e 110.0 1.67 54.8 0.50 
106.8 10©. 2 1.74 47.9 0.45 
10 g. soil 66.1 7g.E 1.80 35.1 0.53 
0.1 g. cellulose 67.4 73.1 1.82 33.4 0.50 
59.1 63.0 1.98 16.2 0.31 
68.6 74.4 1.84- 31.9 0.47 
10 g, soil 92,1 9S.8 1.76 39.4 0.43 
0.1 g. cellulose 91.3 98.4 1.69 46.4 0.50 
go mg. KMOg 81.8 89.g 1.87 E8.1 0. 35 
S7.1 9g.8 1.62 S3. 6 0.61 
2^0-
carbOH, th@ carbon loss witb both sueros® treatments was 
greater than the t^antity addet. fli@se net losses in soil 
organic matter wer® bTOugbt abowt in a eomparatifely short 
time, the ratios of carbon-loss to weight-loss are fairly 
constant ejcc©pt with soil alone, iniieatiag that weight loss 
was a reasonably good aeasttre of the extent of decomposition, 
g, Decoiaposition of sucrose and cellulose in Clarion silt 
loaa 
ygocedur®« jm experiment similar to the previous 
one was performed with Clarion silt Idaa ©ontainii^ 1.28^ 
organic carbon. In this e:igperiment 20 ag. potassium nitrat© 
was added to all flasks, and one set of flasks received 
50 mg. of sucrose plus 50 rag. of cellulose. Incubation was 
for 30 days. 
data of Table 2 indicate that the 
decomposition of cellulose was speeded up somewhat by the 
presence of an equal amount of sucrose, fhe decoaposition 
of cellulose alone was significantly less 14ian either sucrose 
plus cellulose or sucrose alone. Here, again, the proportion 
of the added material decomposed was high, although the 
percentages of added carbon lost were relatively lower. 
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Table 2. ieight and carbon losses during isaeubation of 10 grams 
of Glariofi silt loam for 30 iajs.* 
ft. loss It. loss ^-ioss adlel 
over cheek as $. of ag, C lost 
aM«a O.M. 
Soil 100 »g. 98.1 
s«oro se 
Soil 50 mg. sucrose 9S.0 
50 mg, cellulose 
Soil 100 aig. 8E-0 
cellulose 
Least significant IS.E 
diff. (5^ leirel) 
94.1 
98.3 
82.4 
35.8 82.6 
29.6 65.7 
S3.1 59.8 
g.7 
"All figures ar© thm average of four replicates 
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3. DeeomtaQsltlon of 001*11 stalks and sweet closer In absence 
of soil 
ZE2S£SB££* ^ third ©xperiment was carried out in the 
absence of soil. Two-gram samples of ground plant laaterials 
were placed in small flasks, brought to optimum moisture, and 
allowed to incubat® at room tMperature for £3 days. Mature 
corn stalks and young sweet clover ware decomposed alone and 
in an equal mixture to ascertain whether the more a-^ailable 
material, swe©t clover, would affect the rate of decomposition 
of the corn stalks. Since the nitrogen content of the corn 
stalks was only 0.71^ as compared with E.50^^ for the sweet 
clover, sufficient nitrate was added to one set of flasks 
containing corn stalks to bring the nitrogen content to 1.4:^. 
At the conclusion of this eajierisent determinations were made 
of dilute acid hydrolyzable material, cellulose, lignin, and 
total loss in weight. The dilute acid hydrolyzable fraction 
was deteimined by weight loss after refluxing the material 
with 5^ sulfuric acid for an hour. Cellulose was determined 
by the Gross and Bevan procedure involving alternate treat­
ments with hypochlorite in the cold and hot sulfite, and 
lignin was determined by the Method of Korman and Jenkins (35). 
The results are given in Table 3. All percentages are based 
on original dry weight. 
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Table 3. Loss of total material and of tlii«e constituents in 
th® deeomposltion of corn stalks and sweet ^slo^er for 23 days 
in the abseae© of ©oil,* 
2 g, corn 
stalks 
1 g. corn 
stalks 
1 g. sw. 
0lo¥er 
2 g, sw. 
clover 
2 g. corn 
stalks 
0.7^ H 
Initial dry wt. g. 1.896 1.881 1.866 1.892 
It, loss g. 0.370 0.760 0.798 0.491 
$ wt. loss 19. S 40.3 42.8 25.9 
Initial $ dll, acid 
hydrolyzable 56.9 47.8 58.7 «•> mm 
$ dil. acid hydro-
lyzatole after decoap. 24.9 22.0 £7.8 « -
Initial $ cellulos© 49.4 39.4 29,4 — 
$ cellulose after 
decomposition 40. S 19.0 20.3 — 
Initial ^ lignin 17.5 16.4 15.3 — 
^ lignin after 
decomposition 21,2 19.2 12.8 — 
*ft, figures are the averag® of four replicates and 
figures are the average of duplicatts. 
composition 
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Results. AR equal mixture of the two mterials 
resulted in more rapid deeoaposition than where the corn 
stalks and sweet closer were deeoaposed separately. The 
figures in the third row of the table show that this effect 
was aot entirely due to iiore nitrogen in the mixture than 
in the corn stalks alone. 'Bie mixture decomposed at a rate 
almost equal to that of the sweet clot^er alone, whereas if 
each constituent of the mixture had deeoaposed at'the same 
rate as where alone, the loss fro* the mixture would have 
been only 31.1% instead of the actual 40.3%. 
It is clear fro® Table 3 that extensive losses of dilute 
acid hydrolyzable material oceurf^d in all cases. It can 
be noted that the percentage of each of these two constit­
uents was lower in the mixture at the end of the experiment 
than in either material decomposed alone. The apparent in­
crease in lignin content of the corn stalks and of the 
mixture was likely due to synthesis of microbial products 
similar to lignin in their chemical behavior toward strong 
acid. 
4. Decoffipositlon of sweet cl.over and partially decomposed 
corn stalks in soil 
Procedure. Corn stalks which had undergone six 
months' deco^osition was mixed in various proportions with 
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young sweet clover and incoi^orated in 10 graas of Webster 
elay. Itie organic material added in each case amounted to 
200 Big. The materials ware i^istened and then incubated for 
25 days, iit the end of this period the extent of decoi^osi-
tion wafs determined by weight loss, the results are shown 
in Table 4. 
The partially deeoaposed corn stalks had a lignin con­
tent of 36,6% and a nitrogen content of 2.53^^—th© latter 
about the same as in the sweet clover. The susceptibility 
of the soil-plant residue mixtures to oxidation by hypo-
iodite according to the method of Horaan and Feevy (36) was 
deterained both before and after decomposition. This reagent 
is considered to oxidize lignin to a greater extent than the 
other constituents of soil organic matter, and hence, may 
provide a rough measure of lignin. The hypoiodite titration 
data are given in Table 5. 
I® Table 4 the figures in the third column 
were calculated by assuming that the sweet clover in the 
mixtures decomposed at the same rate as when alone. Weight 
loss from corn stalks in the mixture in the fourth column 
was obtained by difference. On a percentage basis it is 
apparent that the proportion of corn stalks lost was a 
function of the amount of sweet clover in the mixture. 
However, only where aweet clover comprised 7551 of the 
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Table 4. leight losses imrlug deeomposltion of sweet elO¥er 
and partially decomposofi corn stalks for 25 daya.* 
ift. lost "" w.' loss ft. loss flTToia ^ added 
mg, as % of from sweet from eora eorii 
adde4 elover stalks by stalks 
O.li. assuming differ- lost 
67,2fa enc@ 
deoomp, 
O.M. added 
to 10 g. 
iebster elay 
Mone 22.2 
180.4 mg. 
sweet clover 121.3 67.2 121.5 
155.7 ffig. 
sweet clO¥er 
44.4 mg. 
corn stalks 113.0 «4.1 '91.1 El.9 55,0 
89.8 mg. 
sweet ©lover 
88.7 mg. 
corn, stalks 96.7 50.0 60.1 36.6 40.6 
45.9 iig. 
sweet elover 
134.0 mg. 
corn stalks 79.7 44.3 31.1 48.6 36.2 
178.8 mg. 
corn stalks 61.7 34. i 61.7 34.5 
Least 
significant 
diff. (5^ level) 9.1 9.7 
*A11 figures are 'the ave'rage' of four replicates. 
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fable 5. Hypolodite oxldatloB equivalents of soil eontaiolng 
sweet 0lo¥er aai corn stalks la ¥ariou.s proportions. Pinal 
figures obtained after 25 days deeottposition. 
""organic matter added to 
10 g. Webster c lay  
None 
180.4 ag, sweet clover 
135.7 mg. sweet clover 
44.1 ag. corn stalks 
89.8.mg. sweet clover 
88.7 mg. corn stalks 
45.9 mg. sweet clover 
134.0 iBg. corn stalks 
178.8 mg. corn stalks 
M.S. Ig per 100 grams soil 
THTtTil final Initial 
- final 
26.83 19.89 6.94 
31.54 83.68 7.86 
31.25 2E.97 8.28 
30.70 23.68 7.02 
26.84 £5.94 0.90 
28.12 26.97 1.15 
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mixture was the percentage loss from the corn stalks signifi­
cantly greater than in the other mixtures. 
fhe initial hypoiodit® oxidation equivalents shown in 
Table 5 were not well correlated with the quantity of corn 
stalka in the mixture, but irere well correlated at the con­
clusion of the experiment, jipparantly some fraction of the 
sweet clover was attacked by the hyrjoiodite initially, but 
this fraction was largely removed or chemically altered 
during the cours© of the decomposition. The greatest diff­
erences between the initial and final iodine eq.ulvalent 
figures correspond to the largest proportions of sweet 
clover in the mixtures. On the basis of these figures it 
is not possible to determine the extent of lignin loss from 
the corn stalk residues. 
S* PecoTOOsltion of oat straw and partially decomposed com 
stalks in the absence of soil 
procedure. Partially decomposed corn stalk residues 
were Mxed in various proportions with mture oat straw and 
placed in small flasks. later equal to three times the 
weight of the materials was added to each sample and the 
flasfes were then placed in an incubator for 22 days, fhe 
extent of decomposition was determined by evaluating losses 
of ©«rtoon and of total weight during the experiment. Results 
are ^hown in Table 6, 
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Table S. Weight and carbon losses from oat straw and com 
stalks decomposed for 22 daf#. out of soil. 
2 g. oa t 1.5 g. 1 g. oat 0.5 OcA t t, €. 
straw oat straw straw corn 
straw 1 g. 1.8 g. stalks 
0.5 g. corn corn 
corn stalks stalks 
stalk® 
Initial dry wt. 1.835 1.824 1.818 1.81S 1.803 
grams 1.834 1.828 1.8B2 1.81S 1.807 
"it, loss grams 0.473 0.536 0.426 0.306 0.174 
0.5E3 0.538 0.455 0.304 0.186 
wt. loss 85.8 ge.4 83.4 16.9 9.7 
£8.5 29.1 85.0 16.8 iO.3 
Initial wt. 0 0.608 0.650 0.695 0.739 0.782 
grams 0.607 0.651 0.696 0.73® 0.784 
Final ^ G 51.7 33.4 36.6 39.E 40.8 
30.0 32.5 39.6 39.4 41.1 
C-loss grams 0.176 O.EEO 0.105 0.149 0.117 
0.E29. 0.195 0.145 0.118 
C-loss 0.372 0.411 0.434 0.487 0.670 
ft. loss 0.408 0.431 0.4S8 0.477 0.633 
30 
RQHulta, It is interesting to m%@ that the greatest 
loss oceurred in the mixtur© hsTii^ a 3:1 ratio of oat straw 
to corn stalks, being slightly greater than the loss from 
oat straw alone. Hie carbon loss was also HID re extensive at 
this ratio than any other. The fact that the ratio C~loss: 
Wt.-loss increased with the proportion of corn stalks in the 
mixture nay be ascribed in part to the high lignin content 
of the corn stalks. Lignin has a high carbon content rela­
tive to that of the other structural constituents such as 
cellulosa. 3inea th® initial carbon content of the corn 
stalks was Sl,2'p and that of th® oat straw was 38.4^, these 
data give presimptive evidene® for considerable deeoraposi-
tion of lignin in the materials. 
C. Release of Mitrogen During Decomposition of.Organic 
Materials in Soil 
.Sxpegiaeat using glucose and isotonic nitrogen 
Glucose in soil permits th® development of a very act­
ive microbial population. Accordingly, an experiment was 
set up to determine the effect of this vigorous population 
on release of nitrogen fro® the organic fraction of the soil. 
Proeedure. Glucose in solution was added in 1 and 
amounts to 100 grams of Tama silt loam and Carrington silt 
loam in 500 ffil. flasks, A third of the flasks receiving 1^ 
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glucose received no nitrogen; a tliii^ received 25 mg. nitro­
gen in the form of calcium nitrate cotttaiaing 7,59 atom per 
cent #5, and tb© remaining third received 30 sig, nitrogen, 
A third of the flasks reeelviii^ 2'p glucose received 50 cig. 
nitrogen, a third 60 mg. nitrogen, and the remainder no 
nitrogen. These flasks were placed in an incubator at room 
temperature for £93 days. Water was adied at intervals 
duri.ng this period to keep the soils moist, at the conclu­
sion of the experiment the soils w«re suspended in 5^ barium 
chloride solution, transferred to Bushner funnels, and 
leached several successive times with the saae .Bolution until 
all nitrate and replaceable aiEaoniua were reeved, Itie 
quantity of inorganic nitrogen la the leaohate was then 
determined by the Devarda distillation procedure and subse­
quent titration. The araionia from the aaaaonium chloride 
thus obtained was then distilled into an equivalent mount 
of sulfuric acid aiid the distillate evaporated to dryness, 
15 Isotopic analysis for H* by means of the mass spectrometer 
was made on the ammonim sulfate residue. The results 
obtained are shown in fable 7. 
Hesults. In the case of the fama silt loam, all 
treatments resulted in a greater release of nitrogen from 
the soil organic matter than from the soil alone, where 
^ucose alone was added, the increase in nitrogen release 
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Tabla 7 Kitrogea released during tiie decompositioa of glucose 
ill -soil for 293 days. 
Materials add®el • 
100 g. Tama silt 
to 1 
loam 
'i released 
mg. 
?4'N-L^ H from 
soil 
mg. 
^ of total 
N from soil 
None 3.0 — 3.0 100 
1 g. glucose 7.2 — 7.S 100 
1 g. glucose 
as CadfOg)^* 
25 rag. li 
16.7 1.06 15.7 90.6 
1 g. glucose 30 ag. M 16.7 2.16 IB.6 75.5 
2 g. glucose 14.0 — 14.0 100 
2 g. glucose 50 mg. If 13.6 0.46 13.5 99.8 
2 g, glucose 60 mg. M 19.7 1.94 15.5 78.7 
Materials added to 
100 g. Garrington silt 
loam 
Mone 26.5 — 28. 5 100 
1 g. glucose E6.9 — E6.9 100 
1 g. glucose E5 ag. H 30.0 0.66 28.8 96.0 
1 g. glucose 30 ing. M 31.1 0.78 29.4 ©4.5 
2 g. glucose 27.6 — 27.ft 100 
2 g. glucose 50 mg. N 36.4 1.0£ 33. E 91. E 
2 g. glucose 60 mg. K 32.1 0.84 30.1 93.8 
*•" g eoataining ''CBs ''' atom 
-33-
from th© soil may be ascribed to the increased microbial 
activity, resulting in more rapid, breakdown of organic 
nitrogen compounds in soil, iven where nitrogen was added 
along with the glucose, most of the mineralized nitrogen was 
derived from soil organic matter. The added nitrogen was 
undoubtedly used in the synthesis of microbial tissue, but 
little subsequent liberation of nitrogen froa this tissue 
occurred during the approximately 10 month period. 
In the case of the Carrington silt loam, the various 
treatments produced little difference in the quantity of 
nitrogen released from the soil, fhis may have been due to 
the presence of relatively undecomposed crop residues, sine® 
only glucose plus nitrate accelerated nitrogen i-elease 
from the soil to a measurable extent. Here again, it is 
evident that little of the added nitrogen was recovered in 
the inorga.nic form at the end the experiment. 
Experiment usin^ cellulose and jgotopie nitrogen 
Cellulose is a carbohydrate much less available to 
microorganisms than glucose. In order to compare the effects 
of the two materials en experiment similar to the one just 
described was set up in which cellulose was used as the 
added energy material. 
Procedure. Finely ground corn stalk cellulose was 
added in 1 and 2% amounts to 100 grams of Carrington silt 
M 
loam in 500 al. flaskHalf th© flasks receiving lye cell­
ulose received E5 mg. nitrogen as calcium nitrate containing 
7.59 atom per cent a®d lialf of tliose receifii® Bp of 
cellulose received 50 mg. nitrogen. The flasks were brought 
to optimum moisture and incubated for 263 day®, then analyzed 
for mineral nitrogen as in the previous experiment, the 
results are given in fahle 8. 
Results. The addition of cellulose, even where nitrate 
was also added, decreased the release of nitrogen. This was 
likely due to less intensive microMal activity after the 
addition of the cellulose than resulted from glucose addi­
tions in the previous experiment, there cellulose was added 
to Carrington silt loam somewhat less araionification occurred 
during E63 days than where glucose was added to the same soil 
and incubated 293 days. Paart of the difference, though 
probably not all, may b® attributed to the shorter incubation 
period in the case of the cellulose additions. 
3. Mitrogen release during deccaposltion of oat straws of 
varying nitrogen content 
farious workers (20) (24 J (2f) have shown that the pro­
duction of inorganic nitrogen during decoaposition of crop 
residues in soil is influenced to a great extent by tiie 
J 
nitrogen content of the deccmposing material. However, the 
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fable 8. Nitrogen released during tho deeompositioa of eorn 
stalk eellulose in soil for E63 days. 
Materials added to 1 released $ 11^ N froa $ of total 
100 g. Carrington s.l. mg, soil N from soil 
lone 18.-S — 18.3 100 
1 g. cellulose 11.9 — 11.9 100 
1 g. cellulose 
25 mg. » as GaClOg)^* 13.7 1.04 12.4 90.5 
g g. cellulose 10.6 — 10.6 100 
2 g. cellulose 
50 ag. N go.8 1.58 17.3 83.2 
* Coioiainliig" 7. 'S9'''atoia 
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eoimoiily accepted belief lies been that high nitrogen plant 
materials such as legumes increase the inoi^anie nitrogen 
content of the soil because tfceir protein is readily broken 
down with the resultant production of araaonia. The follow­
ing experiment was set up to test this hypothesis. 
a. Preparation of straw. Oat straw, the protein of which 
was enriched with was obtained by growing oats in pots 
in the greenhouse. Calcium nitrate enriched with was 
added to the soil at planting time and assimilated during 
the growth of the plants. By hanfesting the oats at dif­
ferent stages of maturity, straws of three different nitrogen 
contents were obtained. After harvesting, the straw was 
dried and finely ground, then analyzed for total nitrogen 
and for 
Procedure. Oat straw samples containing 1.17^, 
1,80^, and 2.05^ nitrogen were added in 0.5 and 1^ mounts 
to 100 grams of Floyd clay loam in 500 ml. flasks. The 
sanities were thoroughly mixed with the soil, then sufficient 
water added to bring the soil to 70^ of the moisture holding 
capacity, and the flasks placed in an incubator for £62 days. 
At the end of this time the soils were leached with barium 
chloride solution and the nitrogen in the leaehate determined 
15 
in the manner previously described. M deteminations were 
also made. The data thus obtained are shown in Table 9. 
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Table 9. NitrogeB released dwrlng the deeomposition of oat 
straw in soil for S6S days. 
Straw added to lOQ g. 
Jfloyd el ay loam 
1 released 
ng. 
1 from 
soil 
IW?. 
% of total 
M from soi; 
None 13.4 13.4 100 
0.5 g. oat straw 
containing 1.17^ H 8.0 C
O 
•
 
o
 7.5 94 
0.5 g. oat straw 
containing 1.80^ N 5.1 0.44 5.1 96 
0.5 g. oat straw 
containing 2.05'^ 1 e.8 0.66 6.2 91 
1 g. oat straw 
containing 1.17% 1 7.1 0.50 6.9 98 
1 g. oat straw 
containing 1.80^ N 10.2 0.60 8.9 87 
1 g. oat straw 
containing' 2.05^ E 11.4 0.88 9.6 84 
and percentages in tlie tbree straws were as follows: 
^ H 
I7I7 
1.80 
2.05 
% 
' 5.11 • 
2.05 • 
3.52 
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SSSOS'* sine® the total amount of nitrogen released 
from the soil alone was greater than in any case where straw 
was added, it appears that soa# loss of nitrogen oecurred in 
the latter instances, probably due to denitrification. Where 
one gram of straw was added, the nitrogen released from the 
soil organic fraction, as well as from the straw itself, was 
related to the nitrogen content of the straw. It appears 
from these data that the nitrogen which was eonverted to the 
inorganie form during the deeomposition of the straw was 
largely derived from the organic fraction of the soil rather 
than from the protein of the straw. 
Qyeeahouse pot experiment 
a. Proeedui^. T^o-kllograa samples of Clarion silt loam 
and Webster elay loam were aixed with 10 grams of oat straw 
containing 1.17J© nitrogen of which S.llji was The soil-
straw mixtures ware placed in half-gallon pots. Check pots 
containing no straw were set up. In one set of pots straw 
was mixed with a sand-zonolite mixture. The latter provided 
a growth mediim with a greater water holding capacity than 
sand in the absence of soil. The pots containing soil were 
fertilized with phosphorus and potassium and the sand-
zonolite pots were watered with a nitrogen-free nutrient 
solution. The pots were planted to Sudan grass which 
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presumably absorbed mineral nitrogen as rapidly as it was 
produced. After the Sudan grass bagan to mature the tops 
were cut off, dried, ground aad analyzed for total nitrogen 
by the Kjeldahl mathod. analyses were also made. The 
results from two sucGesaiv® harvests are shown in Table 10. 
He suits. The analyses of the first harvest indicate 
that the addition of straw resulted in less nitrogen being 
made available to the plants. This was undoubtedly due to 
iiBmobnidation, whieh would be expected on the basis of the 
low nitrogen content of the straw. Iven in the case of the 
second harvest, nitrogen release from the soil was not 
significantly higher in the presence of the straw than from 
soil alone. This is in general agreement with the previous 
observation that accelerated nitrogen release does not seem 
to occur unless the nitrogen content of the added material 
is relatively high. The percentages of nitrogen derived 
from the soil were approximately the same as had been ob­
served in previous experiments. 
D. Correlation of Nitrogen Release and Carbon Loss 
Although it has been established that the addition of 
energy material to soil may under certain coMitions accel­
erate both nitrogen release and carbon loss from organic 
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Tabl® 10. Mitrogen recovered la tw© crops of Sudan grass 
from greenhouse pots 
S la " T§ frS if from $ of total 
cj^op $ H straw soil N from 
»g. a^. soil 
1st harvest—?6 days from planting 
gOOO g. Clarion 2?. 4 «N> om 27.4 100 
silt loam 29.S — — 29.3 100 
2000 g. Clarion 2§.3 1.18 4.4 21.9 83. 2 
s.l. 10 g. straw* 27.0 1.23 4.9 22.1 82. 0 
2000 g. tebster 33.5 33.5 100 
clay loaa 33.4 « - 33.4 100 
2000 g. Webster 22,2 0.96 2.7 19.5 87. 8 
c.l. 10 g. straw 20.0 1.13 3.1 16.9 84. 2 
Sand zonolite 7.8 2.38 3.3 
10 g. straw 9.3 2.31 3.8 
2nd bar?est—112 days from planting 
2000 g. Clarion 39.1 '' •... 39.1 100 
silt lorn 51.6 — «• OIK 51.6 100 
2000 g. Clarion 61.8 0.99 8.0 53.8 87. 2 
s.l, 10 g. straw 69*9 -- — — 
2000 g. Webster 51.1 51.1 100 
clay loam 69.0 69.0 100 
2000 g. Webster 61.3 0.95 7.4 53.9 88. 0 
c.l. 10 g, straw 70.7 0.94 8.4 62.3 88. 1 
Sand zonolite 
10 g. straw 9.6 3.82 7.0 mm omt — 
* Oat straw contalniag 1.1?'^ 1 of whloli 5,Ufa was 
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matter already present (12), it has not been determined 
whether these two transformations have a quantitative rela­
tionship to each other. Accordingly experiments were per­
formed to obtain information on this point. 
1. Experiment with -Dartially decomposed Sudan grass 
Procedure, a partial decomposition product enriched 
with both and was prepared by allowing Sudan grass 
enriched with the carbon isotope to decompose for a short 
time in an aerated solution enriched with CalN^^Og)^. This 
material was added in 1 and amounts to 25 g. Webster clay 
in flasks arranged to permit continuous aeration. The carbon 
dioxide evolved was absorbed in alkali and later converted 
1 % to barium carbonate for C analysis. After 30 days decompo­
sition the soils were leached with barium chloride solution 
and total inorganic nitrogen in the leachate determined by 
distillation with Devarda's alloy. Kie in this mineral­
ized nitrogen was then determined. The results obtained are 
shown in Table 11. 
Results. There was neither greater carbon loss nor 
nitrogen release from the soil organic matter in the presence 
of added energy material than from the soil alone. The 
Webster clay was a virgin soil containing about 13% organic 
matter, a considerable portion of which consisted of only 
Table 11. Carbon lost and nltrogea released during the 
decomposition in aoll of partially d«eo^os@i Sudan^ grass 
enriched with both and 
,it. suian grass In 
B5 ft. Webster clay 
£50 fflg. 5d0 mg. 
25 g. 
soil alone 
Total OOg evolved ag. 379 546 220 
413 541 222 
^ 0^^ in COp 1.79 1.75 «• 
1.71 1.76 
COp from Sudan grass mg. 3X0 
•C* gsi 322 
CO from soil mg. 140 228 220 
19g 219 222 
Total M released rag. s.ot 3.36 2.66 
$ In N released 0.46 0.64 — 
H from Sudan grass ffig» 1.E4 2.69 — 
1 from soil Mg. l.iS 0.67 2.66 
^ of COp from soil 26'^'9 41.7 100 
46. g 40.5 100 
of N from soil S9.S 20.0 100 
^Partially decomposed Sudan grass contained- 1.93 atom $ 
and 0.70 atom ^ NI®, 
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slightly decQmposQ<l root residues, m additional 1 or 
of plant material would therefore make very little change in 
the energy status of the organic fraction of the soil. 
The nitrogen figures for the 250 ing. Sudan grass addi­
tion are of doubtful accuracy, sine® the content of the 
nitrogen released was only slightly ahove the nomal percent­
age. fhe relative error in calciilations based on this dif­
ference would therefore be large, 
Kxpegjfflent with undeeorepoaed Sudan grass 
y^rocedure. Sudan grass enriched with and 
was obtained by growing the plants in a closed glass con-
X3 talner into which C OG was introduced. Galcium nitrate 
enriched with was supplied to the soil on which the 
plants were growings this plant material was dried, ground, 
and added in 300 mg. aaounts to E5 g. Clarion silt loam. 
The carbon and nitrogen transformations were followed in 
the manner described in the previous experiaent. Table IE 
show® the results obtained. 
flQS'ttlt8> It is apparent from the two bottom rows 
of I'able 12 that the mineralization of nitrogen from the 
sQil organic fraction was not proportional to the quantity 
of carbon dioxide resulting froa its decomposition. The 
fraction of the mineralized nitrogen derived from soil 
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Table IS. Carbon lost anfl nitrogen released during th® 
•deeomposition. in soil of 300 mg. Sudan grass In S5 g. 
Clarion silt loam for 3£ days 
Soil plus 
Sudaa grass Soil.alout 
fotal GOg evolved ag. 287 
S61 
16 
82 
13 % C in OOg 1.63 
1.64 
mrnim 
COg from Sudan grass »€• 225 
224 
— 
COg from soil mg. $2 
o7 
16 
28 
Total N released rag. 4.61 
5.03 
1.40 
1.40 
in N released 0.67 
0.66 
N from Sudan grass ag. 1.88 
1.98 
— 
K from soil mg. 2.73 
3.05 
1.40 
1.40 
^ GOg from soil 21.6 
20.3 o
 o
 
o
 o
 
^ of If fro® soil 59.2 
60.6 
100 
100 
1 s 
• Sudan grass contained 39.7^ C of whieh. 1.78^ was G and 
3.15^ M of which 1.08^ was 
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organie matter was greater than th# fraction of carbon 
dioxide evolved from that source. 
The addition of Swdatt grass resulted in considerably 
more nitrogen release and carbon loss from the soil organic 
fraction than were observed where no energy material was 
added, -litrogen release from the soil was approximately 
doubled by the addition of energy material and the carbon 
loss increased about threefold. Here the energy status 
of the soil organic fraction as well as that of the added 
Material was greatly different froa that in the previous 
experiment, fhe Clarion silt loam contained about 
organic matter, all of which had undergone extensive 
decoa^position and was coaparatively inert biologically. 
The addition of more than 1^ of available energy material 
would therefore be expected to stimulate microbial activity 
greatly. 
1. Effect of quantity of Plant Material Added to Soil on 
Its Rat© of Decomposition and on litrogen Imobilization 
Sumerous workers have reported incomplete decomposition 
of plant residues in soil even after rather long periods of 
time. For example, Peevy and Korcian (39) found that after 
833 days decomposition of -variously treated straws in soil, 
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appreoiable fractions of the aided earbon still remained. 
E¥en where dextrose was added, of the added earbon 
remained at the end of this period. HoweTer, in their work 
the organic materials were added in lOfI amounts, or the 
equivalent of 100 tons per aer®. In the experiments report­
ed here where extensive breakdown of the added material was 
observed in relatively short periods, the additions were on 
the order of 1^. ^t would appear that decoi^osition of 
plant residues and nitrogen transforations in soil may be 
appreciably influenced by the rate of addition of plant 
material and by the concentration of the soil organic matter. 
The extent of reactive surface or other related physical 
factors may limit microbial activity. The following experi­
ments were designed to further elucidate this point. 
1, Decomposition of oat straw' in Clarion silt loam 
Procedure. Mature oat straw in three degrees of 
subdivision—ground to 16 mesh, ground to 64 mesh, and 
chopped in short lengths—was added in 400 i^. amounts to 
25 g. Clarion silt loam in small flasks. Uie 16 mesh straw 
was also added in 100 and 1600 lag. amounts to 25 g, of the 
same soil. The soils were wet to about 60;^ of moisture 
holding capacity and the flasks connected to an apparatus 
by means of which a stream of earbon dioxide-free air was 
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constaiitly passed over the surface of the soil. Carbon 
dioxide etolved during decomposition was absorbed by passage 
through pettenkoffer tubes containing standard alkali. De­
terminations of carbon dioxide were made at se'veral intervals 
during the course of decomposition. Resxilts are shown in 
Table 13 and Figure 1. 
Resialts. It is apparent from the rl^t-hand column 
of Table 13 that the evolution of carbon dioxide was not 
proportional to the quantity of straw added; the relative 
extent of decomposition was Inversely related to the quantity 
of straw added. 
The lower part of Figur® 1 shows little difference be­
tween the carbon dioxide rate curves of the coarse and fine 
straws, but the total amount of decomposition, though not 
the initial rate, was greatest in the case of the chopped 
straw. This may have been due to better aeration where the 
bulky chopped straw was added to soil. To eliminate dif­
ferences due to aeration, the following experiment was set 
up. 
8. Deeompositlon of oat straw in Edina silt loam 
procedure. Oat straw in three degrees of subdivi­
sion and three levels of application ms added to g5 g. 
Edina silt loam. The soil samples were placed in an 
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Table 13. Deeoi^ositioa of oat straw at variotts degrees of 
subdivision and levels of application. Air passed over 
surface of soil. 
ft. oat straw 
added to 25 g. 
Clarion s.l. 
Mg. 
0-3 
 C6g evolved per day 
Perl o<l—days 
4-10 11-24 E5-35 
Total COg 
evolved 
ag. 
Mg. CO 
per g. 
straw 
100 coarse 6.9 5.9 2.0 1.1 102.3 
(16 mesh) 5.6 S.6 1.9 1.4 98.4 
5.3 5.6 1.8 1.2 93.1 979 
400 mg. chopped 11.9 10.1 3.9 2.8 191.5 
(short lengths)12.1 10.1 3.7 2.8 190.2 
11.3 IS.6 6.1 3.S 248.3 825 
400 rag. coarse 16.9 7.1 3.3 2.6 175.0 
16.6 7.2 3.1 2.4 169.4 
16.8 7.2 3.1 2.3 169.4 428 
400 mg. fin© 16.3 6.9 2.9 E.3 163.9 (64 mesh) 16.4 7.6 2.9 2.2 167.2 
15.6 7.0 3.0 2.3 163.7 412 
1600 a®, coarse 42.9 15.7 7.9 6. 5 420.9 
41.6 14.7 7.7 7.6 419.3 
43.0 14.3 8.3 6.1 412.9 261 
1600 ing. coarse 34.6 13.8 15.1 8.0 501.2 
straw out of 33.7 13.1 7.2 6.4 366.0 
soil 37^1 15.7 13.0 5.9 465.5 277 
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i^OO m^- coarse, sfrayv 
' f O O  m j .  c o a r s e  s t r a w  
too m^. coarse, sfraiv 
20 25 30 
4-00 mj. coarse, str^^ 
4-00 tny- -fine sfraw 
^00 mj. c.hoppe.d sfrcu/ 
Figure 1. Rmtes of CO© evolution in the decomposition 
of oat straw in Clarion silt loam, air passed over 
surface of soil. 
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apparatus in which air was eoatinuously passed up through the 
sample of soil contained in a filter tube, fhis apparatus is 
described later in eonneetion with the aeration experiments. 
The soils were moistened and incubated, carbon dioxide being 
determined at intervals as before, Besults are given in 
Table 14 and Figure 2. 
Results. Here again the relative extent of decompo­
sition was inversely related to the quantity of straw added 
to soil. It can be seen from Figure 2 that carbon dioxide 
evolution rates were not greatly affected by particle size 
of the added straw. It is difficult to account for the 
higher initial rate in the ease of the coarse straw. 
It should be «phaslzed ttiat although carbon dioxide 
evolution was used as a measure of the rate and extent of 
straw decoaposition in this and the preceding experiment, a 
substantial fraction of the carbon dioxide evolved was un­
questionably due to decomposition of organic matter already 
present in soil. The following experiment was designed to 
evaluate the extent of decomposition of the organic fraction 
of soil as well as that of the added organic matter. 
3. Decomposition of Sudan grass enriched with 
Iroeedure. In an experiment previously reported by 
1 the author (12) Sudan grass enriched with the C isotope 
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Table 14. Decompositioa of Ofit straw at various degrees of 
sutodiTislon and levels of applleatioa. Air passed tfarough. 
coltamn of soil. 
oat etraw CO2 ei^ol-ffed' per day Total GOg Mg. COg 
added to £5 g. 
Idina s.l. 0--3 
• period—days 
4-6 7-14 15-21 
evolved 
mg. 
per g. 
straw 
Soil 4. ,9 5. ,8 2. ,0 1. ,3 56. ,0 
4. .6 5. ,6 2. ,0 1, ,3 55, ,7 
3. ,7 5. ,8 2, ,1 1, ,7 57, ,1 — 
100 lag. coarse 6. .0 9. 4. .3 3, .0 101. ,3 
(16 mesh) 6. .3 7. ,4 ,3. ,9 3. .4 96, .1 
6. ,3 7. .4 3. ,7 4, ,3 99, ,6 990 
400 chopped 28. ,7 20. ,1 10. ,5 7. ,5 274, ,6 
(short lengths) 16, .6 14. .9 9. ,0 6. .5 212. ,1 
16. .2 14. .9 8. • 9 6. ,9 212, ,7 583 
400 mg. coarse 24. ,4 l?. .8 8. ,9 6. ,5 243, .4 
24. ,9 17. .5 8. ,8 6. ,4 242, ,5 
8S. ,1 18. .6 8. ,4 7. 1 248, .3 612 
400 lag. fin© EO. 1 18. ,3 8, ,6 6. ,6 230, .0 
(64 mesh) 16. ,9 15. ,6 8. ,3 5, .9 204, , 5 
17. .2 15. .9 8. ,0 6. ,3 207, , 8  536 
1600 mg. coarse 66. ,7 32. .2 17. ,0 11. ,5 513. .1 
66. .7 29. .4 15. ,9 10, .6 489. .4 
63. ,7 29. .9 17. . 6  11. ,6 502, .6 313 
1600 mg. eoarsfi 38. . 7  20. .4 13. .9 16. .0 400. 5 
straw out of 36. ,7 IB. ,1 12, ,9 14. .7 370, . 6  
soil 36. ,4 19. ,0 12. ,5 12. • 6 352, .5 234 
1600 mg. flB@ 31.1 
straw out of =7.2 
soil 56.0 
15.4 8.5 4.7 
16.5 11.7 11.5 
17.4 11.2 9.3 
241.7 
334.5 
315.0 185 
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1 0 -
60-
I tOO MG. COARSE STRAW 
400 MS. COARSE STRAW 
100 M6. coarse STRAW V) 10 
DAYS 
4^0 MG. COARSE STRAW 
_l 
OAVS 
400 MG. CHOPPED STRAW 
400 MG. n/VE STRAW 
ZO 
Figure 2. Rates of COg evolution in the decomposition of 
oat straw in 25 g. Sdina silt loam. Air passed through 
column of soil. 
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was deeompo.se<4 is an .iffies-Ttoimaa soil mixture. Mass speo-
trometer analysis of ttm earboa dioxide evolved made it 
possible to deteiffiiae iK>w rnxxch ome from the added Sudaa 
grass and how much from the soil orgaaia matter, since the 
Sudaa grass was added in 1 and 3^ sTOants the data were 
arranged to eompare the rates of deeompositioa at the two 
levels. These are shown in Table 15. Hesalts of a similar 
experiment with Webster cslay are idiown in Table l§, 
S£SE13S* relative rates of deccMposition of both 
added Sudan grass and soil orgaaie matter were greater where 
1 g. Sudan grass was added. An inspectioa of Figure 3 shows 
that less than twice as much earboa dioxide was evolved fTOm 
2 g. Sudaa grass as from 1 g., and that doubling the guaatity 
of Sudan grass added did aot double the extent of decomposi­
tion of the soil organic fraction. Thus, although the pro­
portionately lower amounts of earbon dioxide restilting from 
the decomposition of large (SBiounts of organic materials in 
soil may be due in part to the lack of a proportionate 
microbial attack on the organic matter already in soil, this 
does not entirely account for the differences. Some other 
factor seems to be operative, and this may well be the 
physical one of space limitation. 
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Table 16. Cumulative totals of CGg evolved in the decomposi­
tion of Sudan grass enriclied *ith ia lOO g. soil. 
1 gram Su^an grass 2 grams Sudan grass 
Days 
From Sudan 
grass mg. 
Froa soil 
m* 
From Sudan 
grass mg. 
From soil 
lag. 
2 139.7 
150.0 
71.8 
67.5 
193.8 
188.5 
100.3 
97.7 
4 315.9 
316.3 
148.7 
146.7 
451.8 
460.5 
£10.1 
£16.9 
6 376.4 
368.0 
177.7 
180.2 
561.8 
572.7 
270.4 
276.8 
11 4E4.5 
411.3 
214.1 
216.5 
646.0 
657.2 
328.0 
330.3 
20 490.5 
492.5 
300.1 
294.5 
762.0 
799.6 
452.9 
437.7 
34 53E.6 
535.7 
347..2 
345.2 
866.8 
925.0 
545.2 
535.6 
49 554. S 
553.2 
380.4 
380.5 
905.6 
952.3 
593.9 
577.6 
GOg evolved 
per gram 
Sudan grass 553.7 380.5 464.5 292.9 
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fable 16. Iffeet of gtiantity of organic material added to 
soil on the rate of its deecmposition. 
it. Sudan' grass' I'n sl g. Webster clay 
ESQ ag. 500 mg. 
Fro® Sudan From From Sudan From 
grass soil grass soil 
GOg evol'yed mg. E59 140 218 288 
221 19E 322 219 
COg evolved per 956 560 636 456 
gram Sudan grass mg. 884 768 644 438 
Average COg per 
gram mg. 920 664 640 447 
-56-
F^h'om Z. q. >Suciqn jross 
•6uc/<tn gr^ 
\ 0.5 
Sudan 
Sodon 
Vi^ifh 
o /o zo 
Dctys 
30 40 SO 
Figure 3, Total COg evolved in the decomposition of 
Sudan grass enriched with Cf^S. 
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4. Deoomposltlop of oat straw la Webster clay 
A factor which was not considtred ia the previous three 
experiments was that some mineral nutri«at may have limited 
decomposition ia the case of large additions of straw to 
soil. Ml experiment'Was therefor© set ttp in which nitrogen, 
phosphorus, and potassium were added to the soil at the be­
ginning of the decomposition period. 
®* Procedure. Nitrogen equivalent to 2^ of the weight 
of the added straw in the fom of potassium nitrate and phos­
phorus e<iuivalent to 1^ as monopotassium phosphate were added 
to samples of Webster clay mixed with various amounts of oat 
straw. Decomposition was followed by passing air through the 
soil and determining at Intervals the carbon dioxide evolved. 
At the conclusion of the experiment the total quantity of in­
organic nitrogen remainii^ in the soil was determined. The 
quantity of nitrogen immobilized in the decomposition process 
was then obtained by subtracting the final inorganic nitrogen 
from the amount initially added. 
Beeults. The data of Table 17 are in general agree­
ment with those in the previous experiments of this type. 
The effect of the added nutrients was to increase the de­
composition rates at all levels, but the differences in 
relative reaction rates remained large. 
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Table 17. Decomposition of oat straw in Webster clay. 
ag. GO2 etolvei'per day 
Peri od Mm. oat straw aided to 25 g. Webster clay 
0 100 400 1600 1600 mg. 
Days straw alon€ 
0-1 17.0 26.3 56.2 
19.. 2 26.3 54.0 26.3 
20.1 26.8 47.7 24.1 
(0-3 days) 
2-3 8.6 10.7 29.4 60.8 — 
8.6 11.1 29.8 62.4 37.8 
9.2 12.2 31.4 59.1 38.5 
4-5 6.4 15.1 39.8 69.8 
5.1 15.8 40.1 71.1 31.8 
8.5 16.2 41.0 70.0 29,8 
6-7 2.9 10.0 25.1 56.6 
3.5 10.2 24.5 57.1 35.8 
4.0 10.2 24.9 59.7 36.1 
8-9 1.4 5.1- 12.2 39.2 
1.8 5.3 11.1 39.0 18.0 
1.8 4.9 13.1 40.9 18.0 
10-14 1.8 3.4 8.5 22.1 «... 
1.9 3.7 8.1 22.5 15.3 
• 2.5 3.5 8.9 22.0 16.0 
15-18 2.1 2.8 6.6 17.3 
2.4 3.0 6.0 17.4 12.7 
1.4 3.1 7.2 16.7 13.4 
Total COg 64.7 127.0 308.2 688.9 
66.5 135.0 302.2 695.1 385..e 
69.0 135.3 321.4 684.1 392.6 
Mg. COg 
per g. 1324 776 432 243 
straw 
-59 
5. • Beeoaiiosltlon of oat straw la subsurface loess and In 
Clarion fine saniy loam 
The ©xperinent in which was used showed that the 
stimulation of decomposition of the soil organic fraction was 
not strictly pKJportional to the quantity of Sudan grass added. 
This fact might account at least in part for the differences 
in relative decomposition rates observed in the preceding 
experiments. In order to miniaiz® effects due to soil organic 
matter an experiment was conducted with soils low in this 
constituent, iinother objective of this experiment was to 
determine whether nitrogen iimobillnation is a function of 
microbial activity as measured by carbon dioxide production. 
Richards and Horman (48) defined the nitrogen factor in terns 
of the quantity of inorganic nitrogen imaobilized in the de­
composition of a unit amount of organic material. They found 
this factor to be fairly constant for mature crop residues 
decomposing in the absence of soil. It has not been deter­
mined whether nitrogen imaobilization in soil varies with 
soil conditions. 
Procedure, fhe soils used in this experiment were 
subsurface loess containing 0.5E% organic carbon and Clarion 
fine sandy loam containing 1.74^ organic carbon. Straw in 
100,400 and 1600 mg. amounts was added to 2b g. samples of 
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thQs© soils. Fifteen mg. of nitrogen as potaisim nitrate 
was added along with 8 mg, phosphorus as monopotassium 
phosphate. The straw was allowed to decompose for 11 days; 
carbon dioxide was determined at intervals during this period. 
At the @nd of the experiment iotal inorganic nitrogen in the 
soils was determined and the q.^antity of nitrogen immobilized 
obtained by difference. 
b. Besuit8. Figures for carbon dioxide evolved and for 
nitrogen immobilized in this experiment and in the preceding 
experiment with Webster clay are given in Tables 18, 19, and 
EO and ^own graphically in Figure 4. Carbon dioxide evolu­
tion from the Clarion and loess soils was almost a linear 
function of the quantity of ®traw added, as was also the 
quantity of nitrogen iraaobilized. In the case of the Webster 
clay (see Figure 7) carbon dioxide evolution was not a linear 
function of the quantity of straw added; however, the 
iffisiobilization of nitrogen was more closely related to the 
quantity of straw in soil, fhie would suggest that carbon 
dioxide evolution, though coimonly used as a nteasure of 
microbial activity, may not be a good measure of microbial 
synthesis. This point merits further investigation. 
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Table 18. Cumulative totals of earbon dioxide evolved in 
tiie deeoaposition of oat straw in Clarion fine sandy loam. 
M:g. GOg evolved 
Days Mg. straw 
0 
added to 
100 
25 g. soil 
400 1600 
1 3.1 4.9 *w» 44.2 
2.7 7.1 15.6 60.6 
2.7 5.8 16.9 57.5 
B 5.8 10.3 101.7 
6.7 12.9 38.3 131.0 
5.4 11.6 37.4 127.9 
3 7.6 14.8 173*9 
9.8 18.2 62,4 218.3 
8.1 17.4 61.0 209.9 
4 9.8 20.6 255.0 
12.0 24.4 84.3 300.8 
10.3 24.1 82.9 290.6 
5 321.5 
366*9 
355.8 
1 14.7 36.2 439.2 
17.3 40.0 141.8 481.5 
16.1 41.1 136.4 472.1 
9 547.5 
588.5 
576.8 
11 20.5 54.0 647.7 
26.5 56.1 191.6 691.8 
22.8 59.4 185.0 674.0 
Mg. CO2 
per gram 
straw 
565 471 419 
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Table 19. Oomulative totals of carbon dioxide evolved in 
the decomposition of oat straw ia subsurface loess. 
Mg. eOg evolved 
Days 
Mg. straw 
0 
added to 
100 
2.5 g. loess 
400 1600 
I 3.1 7.1 9.8 37.4 
4.0 4.5 12.0 41.0 
4.9 6.7 9.8 35.2 
2 8.9 12.0 17.4 72.6 
S,'8 7.2 19.1 74.4 
6.7 9.8 15.6 66.9 
3 9.8 13.8 85.9 105.2 
6.7 9.0 27.6 105.6 
8.0 11.6 23.2 93.2 
4 10.2 14.7 44.6 158.2 
?.e 11.2 43.2 153.3 
8.9 14.3 38.4 134.2 
5 228.3 
206.0 
182.9 
7 15.5 3B.1 111.5 338.8 
11.6 2E.8 81.6 313.8 
13.8 24.6 83.9 288.2 
9 439.1 
414.5 
386.7 
11 23.1 49.5 169.9 521.6 
17.4 57.1 122.2 505.4 
20.0 35.7 129.8 472.7 
Mg. COg 
per gram 
straw 
408 361 313 
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fabl© 20. litrogen inmobilized during decoi^osltlon of 
straw in three different soils. 
Mg. N i®mobilized 
Mg. straw added ,to 25 g. soil 
100 400 1600 
Webs ter el my 0.5' £.5 12.6 
18 days decomposition 0.6 3.0 12.4 
0.5 £.5 15.3 
Subsurface loess 0.4 2.9 9.9 
11 days deeoiiposition 0.5 . 2.S 10.S 
0.1 £.B 
Clarion fine sandy loan 1.5 S.4 14.7 
11 days decomposition 1.4 Bf 5 14.3 
i.a 4.0 14.8 
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Figure 4, Nitrogen inaaobilization and COg evolution 
as functions of quantity of straw added to soil. 
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F. Decomposition of Organie Materials at Various, 
Partial Pressures of Oxygen 
1. Apparatus 
In order to control the partial pressure of oxygen in 
the soil within rather narrow liiaits it was neeessary to 
construct special apparatus* fhree oxygen percentages below 
that of ordinary air were obtained by diluting air with 
nitrogen gas. The air and nitrogen, both under the same 
pressure, were passed through calibrated capillary tubes and 
into a mixing chamber, fliese capillary tubes were calibrat­
ed by drawing out segments ordinary capillary glass tubing 
to a very fine point, then breaking off small pieeef from 
the tip until the desired flew rate was obtained. The flow 
rates were adjusted so that the ratio of nitrogen to air gave 
the desired oxygen percentage in the mixture, and the total 
flbw of each pair of capillaries connected in parallel was 
the saae. Details of the capillary control system are shown 
in Figures 5 and 6. ati overflow regulator was connected to 
the system to dissipate any excess flow from each set of 
capillaries; however, the calibration was sufficiently 
accurate that overflow was found to be very slight. By means 
of this control system air-nitrogen mixtures were obtained 
in which the oxygen percentages were 0.2, 0.9, 4.5, and 80. 
COz - air 
A/ftro^en 
lb humidifying 
chamhe.rs •«c-L 
a_c 
i_C 
Ti—1 r I  I  
I  I  '  I  I  
< 1  > 1  
II II 
u: 
1 f 
T-T—  ^ r-
-» rn r 
TJL M  I !  
r  I I  I I  I  I  t  •  1 1  II 11 II II vr I ) I I • 
JT: 
jcJ 
7 
ucJ 
Conj-ro! CQpiHahes and miyinj fube.s 
Oyerf/ow re,julator 
Constant pressure, apparatus 
SI 
I 05 
Oi 
I 
Figure 5. Details of control system for obtaining various oxygen tensions. 
Figure 6. Control cpaillaries and mixing chambers 
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fhese iralues were checked ocjeasioaallj during the course of 
the experiments by analysis of tti® gas mixtures with an Orsat 
apparatus. The slight •^'ariations found in the oxygen percent­
ages were within the limits of experimental ©rror. 
The air-nitrogen mixtures thus obtained were then passed 
into humidifying chambers inside an insulated box. These 
chambers brought the relative humidity of the gas mixtures 
to lOOjS; this was to prevent drying of the soil by the gases 
passing through. The gases were then passed up through 
columns of soil contained in glass filter tubes^ and from 
there to the carbon dioxide absorption apparatus. Figure 7 
shows the details of this apparatus and Figure 8 is an 
interior view of the insulated box. 
Details of the absorption apparatus are also shown in 
Figure 7, and the arrangement of carbon dioxide absorption 
tubes may be seen in Figure 9. The rate of gas flow through 
each individual absorption tube was regulated by means of 
calibrated eapillaries which allowed approximately eq^ual flow 
rates in all cases. The pressure differential across these 
capillaries was kept constant by means of the vacuum regu­
lator shown in Figure 7. lach individual capillary permitted 
the flow of about 78 iil. of gas per hour. Since S5 g. sam­
ples of soil were used in the filter tubes, and since th® 
volume weight of the soils used was close to 1.0, it is safe 
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Figure 7. Interior arrangement of constant temperature 
box and details of carbon dioxide absorption apparatus. 
Figure 8. Interior of constant temperature box showing 
humidifying chambers and soil sample containers. 
Figure 9. arrangement of Pettenkoffer tubes used for 
absorption of carbon dioxide. 
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to assume that the gas in the pore space of each, soil sample 
was completely replaced at least six times each hour. 
Hie insulated box was equipped with a heating coil in 
the bottom and a thermo-regulator at the top. The temperature 
during the course of the experiment was held at 30® .2 G. 
Tests showed that the temperature in different parts of the 
box did differ fixsm 30° by aore than 0.2^^. 
Ineubation of Webster clay 
procedure. I'wenty-five gram samples of feebster clay 
containing 3.86^ organie carbon were placed in the filter 
tubes of the aeration apparatus, fen of water was added 
to each sample and the sai^les were allowed to incubate for 
19 days. The extent of decomposition at each of the four 
oxygen tensions was determined by carbon dioxide evolution. 
jkt the end of the experiiaent the soils were leached with 
barim chloride solution and determinations were made of 
nitrate and #fflaonium nitrogen. The results obtained are 
shown in Table 21, 
Results. The decomposition of organic matter in 
Webster clay was little affected by srariation in the partial 
pressure of oxygen. This is also true of the total amount 
of nitrogen released. However, at 4.57a and Wjh oxygen a 
larger proportion of the nitrogen released was in the form 
of nitrate, as would be expected. 
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Table 21. Carbon dioxide evolved and nitrogen released 
during inenbation of ffebster clay at four oacygen tensions. 
Mg. COg evolved per day 
Period % O2 in aeration stream 
Days O.B 0.9 4.5 20 
0-3 10.7 10.5 11.4 9.4 
10.9 10.1 11.4 11 • 4 
10.3 11.7 IB.6 11.4 
4-10 3.7 3.8 3.8 3.0 
4.1 4.0 3.8 4.0 
3.8 4.1 4.3 3.5 
11-19 2.4 E.3 E.2 1.8 
2.7 2.6 2.4 2.4 
2.3 2.§ 2.5 1.9 
Total CO2 79.4 79.3 81.9 65.6 
evolved 86.1 81.6 83.7 83.8 
mg. 78.1 86.9 90.1 7612 
m4 -N 1.52 1,80 1.28 1.08 
released 1.75 1.05 1.14 0.93 
mg. 1.17 1.75 1.31 1.64 
lOg -M 0.00 0.54 2.04 3.32 
released 0.00 0.92 1.66 2.80 
mg. 0.02 0.58 2.33 3.64 
Total N 1.52 2.34 3»32 2.52 
released 1.75 1.97 2.80 2.04 
mg. 1.19 2.33 3.64 2.21 
Av. to tal • 
K released 1.49 2.25 3.25 2.26 
L.S.D. between 
totals 1.28 
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3. Deooaposltion of Sudan grass and soybean straw in 
Webster clay 
PTOeedure. Five-hundred mg. samples of Sudan, grass 
containing 1.00^ nitrogen and of soybean straw containing 
g,66'|j nitrogen were mixed with, 25 g. Webster clay. The 
samples v&rm placed in the aeration apparatus, water was 
added, and the materials allowed to decoi^ose for 41 days. 
Carbon dioxide was determined at various intervals, and at 
the conclusion of the experiment the soils were analyzed 
for inorganic nitrogen. Since the protein of the two orig­
inal materials was enriched with the Inorganic nitrogen 
obtained was analyzed for 
Results. The carbon dioxide rates and totals are 
given in Tables 2| and 23 and shown graphically in Figures 
10 and 11. It is apparent that the quantity of carbon 
dioxide evolved waa greater, the higher the percentage of 
oxygen in the aeration stream. However, a surprisingly 
large amount of carbon dioxide evolution occurred when the 
oxygen percentage was as low as 0.2. It can be seen in 
Figure 10 that the peak rate of carbon dioxide evolution 
was reached at about the same time at all four oxygen 
tensions, even though at the lower tensions a high propor­
tion of available enei^y material was no doubt present after 
the peak was passed, iifter the initial 10 days, differences 
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Table 22. Decompositloii of 500 mg. Sudan grass in 25 g. 
Clarion silt loam at four differeat oxygen tensions. 
Mg. COg evolved per day 
period 
Days O.E 
f Og in aeration stream 
0.9 4.5 20 
0-E 13.2 18.2 22.3 26.2 
13.5 19.5 22.9 24.1 
15.4 24.7 24.9 
3-4 16.0 20.3 28.4 46.6 
16.4 21.2 28.9 48.3 
17.5 31.4 50.1 
5-7 13.4 IS.3 19.6 22.7 
13.7 17.5 19.4 23.1 
13.4 12.0 24.2 
8-11 9.3 10.9 11.5 11.6 
9.3 11.4 11.4 11.9 
9.0 12.0 12.0 
12-19 e.4 9.0 8.9 8.3 
8.4 8.6 9.1 8.2 
8.2 - - 9.0 8.8 
EO-33 C.l 5.5 4.8 5.2 
6.0 5.5 5.5 5.6 
5.5 — 4.4 5.2 
34-41 4.8 4.6 3.6 4.0 
5.0 4.5 4.8 4.5 
4.3 3.7 3.6 
Total CO2 
evolved 
^ mg. 
Average 
327.2 
329.7 
319.0 
325.3 
356.1 
361.5 
358.8 
373.6 
394.5 
386.7 
384.9 
432.2 
442.0 
442.4 
438.9 
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Table S3. Dseomposition of 500 soybean straw in 25 g. 
Clarion silt loam at four different ©xygen tensions. • 
Mgi COg ©ToXvefl per daj 
Period $ Og in aeration stream 
Days 0.2 0.9 4.5 20 
0-2 14.3 19.5 24.5 29.0 
14.8 ia.6 24.1 29.2 
14.1 20.6 21.4 30.1 
3-4 18.2 25. 6 28.6 55.3 
21.0 24.7 27.9 51.6 
15.4 25.3 25.6 51.3 
5-7 16.3 17.9 17.8 25.8 
16.6 15.4 17.0 25.0 
15.0 15.7 16.0 25.4 
8-11 10.3 9.4 10.7 11.9 
9.6 8.6 9.9 10.8 
10.4 8.9 9.3 11.8 
12-19 7.1 6.9 9.4 8.9 
6.2 6.8 9.1 8.1 
7.5 7.3 7.8 9.3 
20-33 4.6 5.3 4.5 5.0 
4.2 5.2 • 4.7 5.0 
4.4 3.2 4.7 4.9 
34-41 4.3 4.5 3.3 3.0 
3.6 4.2 3.5 3.5 
4.2 4.5 3.5 3.1 
Total GO2 290.6 346.6 S65.6 459 .3 
evolved 298.2 328.9 361.8 442.4 
mg. 300.9 313.8 335.3 454.3 
Average 296.6 329.8 354.2 452.0 
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Figure 10. Bates of COg evolution in the decomposition of 
Sudan grass and soybean straw in Clarion silt loam at four 
oxygen tensions. 
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Figure 11. Effect of oxygen tension on extent of decomposition 
of Sudan grass and soybean straw in Clarion silt loam. 
-79 
in rates were slight. 
The nitrogen data for this experiment are given in 
Tables 24 and 25. nitrogen release at 0.2j6 oxygen was sig­
nificantly higher than at the other three levels in the case 
of both plant materials. This suggests a shift in the 
nature of the soil population at the lowest oxygen level, 
and is in agreement with the obseriration of Acharya (S) and 
others that the nitrogen requirement of an anaerobic soil 
population is less than that of a normal aerobic flora. 
The data of Table 26 do not definitely iMicate any 
effect of oxygen tension on the fraction of nitrogen releas­
ed from the soil in the decomposition of added materials. 
Since the isotopic analyses were not replicated, statistical 
treatment of these results was not possible, AS would have 
been expected, the material higher in nitrogen, soybean 
straw, released more nitrogen than did the Sudan grass. 
These data indicate the need for further investigation of 
the effects of partial pressure of oxygen on nitrogen trans­
formations in soil. It seems likely that the problem is 
more complex than the information in the literature would 
lead one to believe. 
4. Deconposition of sweet clover In Webster clay 
Procedure* in an experiment similar to the previous 
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Table E4. Mitrogen released in tbe decomposition of Sudan 
grass and soybean straw at four oxygen tensions. 
Mi;. 1 released in 41 days 
O.S 
^ S£ in aeration stream 
0.9 4.5 20 
500 ffig. Sudan grass 
in 25 g. Clarion 
silt loam 
1.26 
1.41 
1.48 
0.84 
0.51 
0.49 
0.90 
0.61 
1.19 
0.76 
0.60 
0.90 
Average 1.38 0. §1 0.90 0.75 
Least significant 
difference between 
means at level 0.2? 
500 ag. soybean straw 
in E5 g. Clarion 
silt loam 
4.45 
5.0S 
5.62 
3.13 
3.11 
£.87 
4.43 
1.62 
2.69 
4.08 
1.71 
2.96 
Average 4.70 3.04 2.91 2.92 
Least significant 
difference between 
means at 5^ level 0.42 
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Table 2S. litrogen released from soil during the deccsEposi-
tion of Sudan grass and soybean straw at four oxygen tensions. 
Og 1 released . ^ 
=«. % N from soil 
®g. 
% Of total 
N from soil 
500 mg. Sudan grass in 85 g. Clarion silt loam * 
0,2 1.38 1.12 0.77 55.7 
0,9 0,61 1.15 0.33 55.8 
4.5 0.90 0.93 0.66 67.1 
20 0.75 1.17 0.40 52.7 
500 fflg. soybean straw In E5 g. Clarion silt loam * 
0.2 4.70 1.93 1.02 21.8 
0.9 3.04 2,20 0.25 8.2 
4.5 2,91 1.9i 0.59 20.2 
20 2,92 2.04 0.47 16.2 
"*'tfie''''"sudan 'grass coniained 1.edf" l'b'f whicii 2.was" KJ-
the soybean straw contained 2.66*^ K of whicb S.36;jfe was 
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one, sweet dover containing 2.37|i nitrogen was added to 
Webster clay and allowed to deeoapose for 19 days. Carbon 
dioxide and inorganic nitrogsn wmm determined as before. 
Results. Carbon dioxide eTolution rates are shown 
in Table 26 and Figure 12, and cumulative totals are ^own 
in Table 27 and Figure 13. Figure 12 shows that although 
the initial rates were in order'of increasing oxygen per­
centage, this order was approximately reversed at the end 
of the period. The highly aerobic dscaaposltion was very 
rapid for a short time^ then ftll off abruptly, whereas at 
the lowest oxygen tension the carbon dioxide evolution rate 
declined slowly after the initial aaiimum had been passed, 
'rtiese relationships are also ialleated in Figure 13. Ob­
viously, the total quantity of carbon dioxide evolved during 
this period was a function of the oxygen percentage. 
The nitrogen figures for this e:^eriiaent are given in 
Table 28. The quantity of mineralized nitrogen was signif­
icantly lower at 20'jb oxygen than at the other three levels. 
This is difficult to explain, but raay have been due to 
aerobic denitrlflcation, liiich has been shown to occur in 
the presence of nitrates and a source of available energy, 
iit the lower oxygen tensions the aMonia produced would be 
less likely to be oxidized to nitrate, and therefore not 
susceptible to denitrification. 
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Table 26. Decomposition of 500 mg. sweet clover in 25 g, 
Webster clay at four different oxygen tensions. 
CO2 evol'S'ed per day 
Period ^"0£'"ln 'aeration stream 
Days O.E 0.9 • 4.5 20 
1 
2 
3 
4 
5 
i 
7-9 
10-16 
17-19 
30.8 
30.8 
28.5 
38.8 
37.9 
33.9 
22.7 
24.1 
19.6 
20.5 
19.6 
17.4 
19,6 
IB. 3 
16.5 
16.5 
15.6 
16.1 
16.9 
14.6 
14.4 
14.7 
12.7 
13.2 
10.8 
n.o 
11.9 
31. E 
29.9 
34.3 
41.0 
38.8 
43.8 
29.0 
29.9 
32.1 
29.0 
31.2 
31.6 
28.6 
30.6 
30.6 
25.0 
24.1 
27.2 
21.7 
19.3 
20.5 
11.9 
11.0 
11.2 
6 . 2  
6.9 
6.6 
42.8 
40.1 
54.0 
5S.8 
62.0 
71.8 
48.2 
53.1 
56.2 
41.5 
45.0 
44.6 
36.7 
, 38.4 
35.2 
27.7 
20.0 
26.8 
20.2 
19.6 
17.4 
12.0 
12.0 
10.6 
7.2 
7.2 
7.0 
69.1 
54.0 
49.5 
71.8 
80.3 
66.5 
66.9 
77.2 
66.5 
49.5 
51.7 
51.3 
36.8 
40.2 
40.2 
29.9 
31.7 
32.1 
21.1 
20.9 
21.9 
11.7 
11.7 
12.2 
7.2 
7.4 
7.9 
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figure 12. Hates of COg evolution in the decomposition of 
5G0 mg, sweet clover in 25 g. Webster clay at four oxygen 
tensions. 
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Talble 2,1, Gwroulative totals of GOg evolved in the decomposi 
tion of 500 Mg. sweet el over in. 85 g. Webster ^clay at four 
oxygen tensions. 
iig, uOg evolved 
'% d':!?' in aeration stream 
Days 0.2 0.1 4.5 20 
1 30.8 31.2 42.8 69.1 
30.8 29.9 40.1 54.0 
88.5 34.3 54.0 49.5 
2 69.0 • 7E.2 102.6 140.9 
68.7 68.7 102.1 134.3 
68.4 77.5 125.8 116.0 
rz 9S.3 101.2 150.6 207.8 
9S.8 98.6 155.2 211.5 
82.0 109.6 182.0 182,5 
4 112.8 130.2 192.3 257.3 
112.4 129.8 200.2 263.2 
99.4 141.2 226.6 233.8 
' 5 132.4 158.8 228.0 296.1 
130.7 160.6 238.6 303.4 
115.9 172.0 261.8 274.0 
6 148.9 183.8 255.7 326.0 
146.3 184.7 267.6 335.1 
13E.0 199.2 288.6 306.1 
S 199.7 249.0 316.4 389.3 
190»0 248.7 326.4 398.0 
175.3 260.7 340.8 371.7 
16 302.7 332. 5 400.7 471.4 
278.8 319.4 410.7 479.6 
268.0 339.2 415.3 457.3 
19 335.2 351.2 422.5 493.2 
311.8 340.3 432.5 501.9 
303.6 359.2 436.3 480.9 
Average 
total 316.9 350.2 430.4 492.0 
-86-
500 
4.00 
. 200 
100 
a 4 0 IZ zo 
Days 
Figure 13, Cumulative totals of COg evolved in the decomposi­
tion of 600 mg, sweet clover in 25 g, Yfebster clay at four 
oxygen tensions. 
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fable S8. litpogen releaeed in the aecomposition of swset 
clover at four oxygen tensions. 
^Mg. i released la 19 dajj" 
f> Og in aeration stream 
O.g O.t 4.5 £0 
500 mg. sweet clover 
in g5 g. Webster clay 
2.91 
3.42 
5.13 
3.89 
S.70 
3.29 
4.02 
3.54 
3.38 
0.94 
0.93 
1.19 
Average 5.15 3.62 3.65 1.02 
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5. Decoapositlon of aaorose ia Webster clay 
It was noted in the previous aemtion experiments that 
the carbon dioxide rate curves at the four oxygen levels 
were roughly parallel during the first few days of decoMpo-
sition. This suggests population differences at the various 
oxygen tensions, A population thus limited by reduced oxygen 
tension wotild probably not be as versatile in utilization of 
various constituents of plant material as a fully aerobic 
population would be. On the basis of the fact that sucrose 
is soluble in water and should be readily assimilated by 
nearly all soil microorganisms, it was thought that such a 
substrate might be decomposed alaost as extensively at low 
oxygen tensions as under fully aerobic conditions, ^iccording-
ly, the following experiment was set up. 
frocedure. Five-hundred mg. sucrose, 40 mg. nitrogen 
as potassium nitrate, and 5 rag. phoi^horus as monopotassium 
phosphate were added to 85 g. sai^les of Webster clay in the 
form of a solution, fhese were incubated in the aeration 
apparatus for 19 days, iinother set of samples of the same 
soil received 500 ag. sucrose, 60 mg, nitrogen as aaaionium 
orthophosphate, and allowed to deccsapose in the aeration 
chamber. Carbon dioxide and inorganic nitrogen were deter­
mined as before. 
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Besults. Cartoon dioxifl® evoltitioa rates in the 
decomposition of sucrose where nitrate was added are shown 
in fable 29 and Figure 14. It is interesting to note that 
maximuM rate was attained later at the lower oxygen percent­
ages than under fully aerobic conditions. This may have been 
due to oxygen made available to the microflora through deni-
trifieation of the added nitrate, fh@ cumulative totals of 
carbon dioxide evolved are shown in Table 30 and Figure 15. 
It is difficult to account for the fact that decomposition 
at 0.9^ and at 4.5^ oxygen was more extensive, though init­
ially less rapid, than at 20^. It aay be that the character­
istic flora of the Webster soil, which is not a well drained 
soil, is adapted to conditions of relatively low oxygen ten­
sion. 
The carbon dioxide figures for the decomposition of 
sucrose where ammonium phosphate was used as the nitrogen 
source are shown in fable 31 and Figure 16, A comparison of 
Figures IS and 16 shows that the course of decomposition at 
4,5% and 20^ oxygen was not much affected by the nature of 
the nitrogen source. Here again, the decoa^osition at 4.5^ 
was more extensive than at 20^ oxygen. The fact that the 
0,2% curve is much more flat in Figure 16 is likely due to the 
fact that no oxygen was obtained through nitrate reduction. 
The inorganic nitrogen figures at the conclusion of the 
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Table 29, Decomposition of 500 mg. smcrose in 85 g. Webster 
clay at four different oxygen tensions with nitrate added. 
^' C0|>'' evoiY ©d yer day 
Period ' ^ Og in" a'eraS on st re am 
Days 0.2 0.9 4.5 20 
1 9^8 11.1 64.2 94.5 
8.9 25.4 78.5 125.9 
8.0 11.6 66.9 130.2 
2 10.5 33.9 105.2 112.7 
•• 15.6 67.8 113.2 127.5 
12.0 32.5 103.9 128.3 
3 53.1 97.2 120.3 109.7 
37.0 107.4 122.6 107.9 
20.1 100.7 125.3 112.3 
4 82.0 80.3 100.3 93.7 
71.3 84.7 102.5 79.8 
47.7 89.6 101.6 85.2 
5 70,0 48.6 70.9 52.2 
73.5 54.4 70.9 31.2 
70.8 57.5 69.5 37.9 
6 49.0 38.8 53.0 25.8 
49.0 62.2 42.3 18.3 
83.8 53.5 48.2 21.4 
7 36.6 40.6 33.9 17.4 
51.7 43.7 28.1 12.5 
42.8 46.8 35.7 13.8 
8-10 26.1 25.1 16.5 9.1 
22.1 33.2 14.1 6.9 
14.7 31.6 17.2 7.3 
11-14 15.3 23.7 8.7 4.3 
IE.6 22.2 6.0 4.2 
8.5 24.3 9.5 3.8 
15-19 15.9 17.2 5^5 2.9 
13.6 10.5 4.5 3.1 
8.5 11.0 6.3 3.0 
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Figure 14. Bates of COg evolution in the decomposition of 500 
mg. sucrose in 25 g. Webster claj at four oxygen tensions with 
nitrate added. 
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fable 30. Cumiilative totals of COg evolved in the deccmposi-
tion of 500 fflg, sucrose in 2§ g. Webster clay at four different 
oxygen tensions. Nitrate added. 
Mg. COg 'evolved 
i Os in aeration stream 
Da^s O.B 0.9 4.5 20 
1 9.8 11.1 64.2 94.5 
8.9 25.4 7Q.5 128.9 
8.0 11.6 66.9 130.2 
2 26.3 45.0 169.4 207.2 
24.5 93.2 191.7 256.4 
BO.O 44.1 170.8 258.5 
3 ?9.4 142.2 289.7 316.9 
61.5 200i 6 314.3 364.3 
40.1 144.8 296.1 370.8 
4 161.4 222.5 390.0 410.6 
132.8 285.3 416.8 444.1 
87.8 234.4 397.7 456.0 
5 231.4 271.1 460.9 462.8 
206.3 339.7 487.7 475.3 
158.6 291,. 9 467.2 493.9 
6 280.4 309.9 513.9 488.6 
255.3 391.9 530.0 493.6 
242.4 345.4 515.4 515.3 
f 317.0 350.5 547.8 506.0 
307.0 435.6 558.1 506.1 
285.2 392.2 551.1 529.1 
10 395.4 425.8 597.2 533.2 
373.3 535.3 600.4 527.0 
329.3 487.1 602.8 550.9 
14 4-66.5 520.8 632.0 550.6 
423.7 624.0 624.5 543.9 
363.2 584.3 640.7 566.1 
19 536.2 606.8 659.6 564.9 
491.7 676.6 647.2 559.5 
405.9 639.5 672.3 581.2 
Average 
total 477.9 640.9 659.7 571.4 
-93-
100 
600 
soo 
'S 400 
§ 
^300 
f 
200 
100-
4-S •/. 
I 
/ a 
"1 
/ ZO'A 02_ 
O.Z 'A Q 
1/ 
10 
Days 
ZO 
Figure 15. Cumulative totals of GOg evolved in the decomposi­
tion of 500 mg. sucrose in £5 g. Webster clay at four o^Q^gen 
tensions with nitrate added. 
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Tabl© 31. Cumulative totals of COg evolved in the decomposi­
tion of 500 mg. sucrose in §5 g. Webster elay. Asmoniuia 
phosphate added. 
Mg» COg evolved 
p ©£ in aeratioa stream 
Days O.g 0.9 4.5 20 
1 34.3 48.6 102.9 135.1 
43.7 41.8 104.2 125.3 
39.0 49.5 106.4 124.0 
2 137.2 157.6 224.9 264.1 
152.4 133.1 228.4 252.6 
146.4 154.5 228.8 254.9 
3 202,'7 213.3 318.5 366.1 
208.x 184.8 325.1 360.4 
194.6 214.2 318.0 366.8 
4 219.2 223.5 381.3 427.6 
218,8 206 « 6 404.9 426.4 
204.4 225.8 400.0 441.7 
5 225.4 229.7 442.8 458.4 
225.0 230.7 481.9 458.5 
209.3 231.2 471.3 477.8 
7 233.0 238.2 549.2 499.4 
233.5 292.6 559.0 501.7 
218.7 240.1 544.3 522.4 
10 239.7 278.8 692.4 528.8 
244.2 396.6 600 .0 532.0 
232.1 285.9 584.0 550.9 
15 246.8 396.3 623.6 553.3 
252.7 484.2 629.4 §57.0 
246,8 408.3 612.5 575.9 
19 250.6 498.6 636.1 565.3 
255.4 504.7 643.2 570.8 
253.9 510.3 625.9 588.8 
Average 
Total 253.4 504.5 635.1 574.9 
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Figure 16. Decomposition of sucrose in Webster clay with 
aisUaonium phosphate added. 
-96-
experlment are shown in fable 38, It can be seen that the 
added nitrate was largely lost at the two lower oxygen ten­
sions, possibly through denitrification, whereas some remain­
ed at the 4.5 and EC^ levels. The most signifioant feature 
of the lower part of the table is the fact that the quantity 
of inorganic nitrogen remaining at the end of the ©s^eriment 
was about the same at all four oxygen percentages. In other 
words, the quantity of am»nluia-nitrogen iismobilized in the 
decomposition of sucrose was independent of the oxygen ten­
sion, while the quantity of carbon dioxide evolved was in­
fluenced considerably by this factor. IJiis is further 
supporting evidence for the statement made previously, that 
carbon dioxide evolution may not be a good measure of syn­
thetic activity in the soil. 
6. Decomposition of sucrose in Slarion fine sandy loam 
®* Procedure. An experiment similar to the previous 
one was set up in which 250 ®g. sucrose and 25 mg. nitrogen 
as ammonium orthophosphate were added to 25 g. of Clarion 
fine sandy loam taken from the surface li inches, a second 
set of samples received 500 mg. sucrose and 50 mg. nitrogen. 
These were allowed to decompose at 4.5 and 20^ oxygen tension 
for 19 days. 
Table 32. Inorganic nitrogen in soil after deeo^osition 
of sucrose in Webster clay. 
f» Og in aeration stream 
0.8 0.9 4.5 20 
40 ag. N as potassium nitrate added 
HH4-i mg. 1.81 3.73 5.90 3.96 
2.13 5.E§ 6.15 4.23 
l.Sl 3.€0 5.41 4.76 
NO3-N mg. 0.S3 0.50 10.51 15.53 
0.00 0.03 6.79 13.32 
0.00 0.00 1.90 15.86 
50 ffig. N as ajmoniuB ortiiophosphate added 
KH4-R mg. 30.8 28.4 29.7 29.8 
29.5 32.4 29.5 30.3 
29.8 30.2 29.4 30.0 
MO3-N mg. 1.25 0.62 1.27 0.91 
1.02 1.14 1.28 1.17 
0.62 1.13 1.33 2.28 
Besults. Table 33 shows the eumulatiire totals of 
carbon dioxMe evolved in this experiment, ^iltlioiigh th® 
deocmposition at both sucrose levels was slightly more 
extensive at 4.oxygen than at £0|a, the differences were 
not large enough to be signifieant. It seems logical to 
believe that the native population of this well-aerated 
soil would be adapted to aerobic conditions, in contrast 
to the population of the Webster soil in which the decom­
position was more extensive at 4.5^ and 0.9^ oxygen than at 
20'^ . 
Table S3. Cumulative totals of carbon dioxide evolved during 
deocmposition of sucros® in Clarion fiae sandy loam. 
Kg. GOg evolved 
gSO mg. suoros© 500 ffig. suerose 
i-oz Si oz 
Days 4.5 20 4.5 20 
1 63.8 91.8 60.4 102.0 
62.1 101.6 74.4 95.7 
68.0 86.4 49.7 106.3 
B 165.4 203.1 185.3 236.0 
163.7 S15.8 198.1 22S . 3 
172.4 196.8 171.1 £42.3 
3 223.£ 246.9 286.4 341.8 
221.1 290.6 301.3 335.1 
230.6 283.5 260.8 351.9 
4 265.4 264.8 350.2 426.5 
265.8 290.6 367.6 419.8 
868.5 283.5 317.8 435.2 
5 289.5 276.6 401.0 485.8 
290.0 307.1 423.1 479.9 
288.0 297.9 364.3 491.9 
7 315.9 294.0 309.8 541.0 
314.2 330.1 528.9 533.4 
312.2 316.6 460.3 537.4 
9 331.6 304.2 b63,3 563.9 
329.5 348.8 572.7 556.8 
327.5 326.8 521.0 560.8 
13 352.4 319.® 609.6 592.8 
350.3 373.9 615.6 587.0 
351.3 340.8 566.5 590.1 
19 369.4 338.2 649.9 611.5 
370.7 397.3 651.3 609.5 
373.0 355.3 605.2 612.6 
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I¥. DISCUSSIOI 
A, Effect of Beadily 4ssiMlable Organic Materials on 
Decomposition of More Besietant Hesidues 
The idea that aiorohial breakdown of soil organic matter 
is accelerated by the addition of available energy material 
is not entirely new. More than two decades ago Lohnis (S4) 
attributed high returns of nitrogen in his green manuring 
experiments to a stimulation of mineralization of humus 
nitrogen. He su^ested that green manuring might possibly 
lead to a depletion of soil nitrogen. In 1931 White (66) 
stated that manurial treatments which stimulate the growth 
of higher plants also encourage aore vigorous activity of 
microorganisms associated with the decay of soil organic 
matter. 
It is surprising that this concept has received so 
little attention in the literature, since it reconciles the 
traditional view that soil organic matter is a relatively 
inert, resistant complex with the well known practical dif­
ficulty of permanently raising the level of organic matter 
in the soil. 
The experiments reported here indicate that highly 
available energy materials such as sucrose may bring about 
a new decrease in soil organic matter. Sucrose, of course. 
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represents an energy sotirce more readily utilized by micro­
organisms than any organic residue likely to find its way 
into the soil. The intense degree of microbial activity ob­
served in these experiments was brought about by materials 
more available to microorganisms than the average green 
manure, yet it is likely that the final result might often 
be the same with green manures over a longer time interval. 
Experiments conducted in the absence of soil showed that 
plant materials of the type used in green manures, such as 
young sweet clover, when Mixed with more mature residues such 
as corn stalks pemit the development of an active microbial 
population capable of utilizing tte resistant residues more 
extensively than would otherwise occur. 
It seems likely that green manures may often have a 
similar effect on the organic fraction of the soil. This was, 
in fact, shown to occur in experiaents previously reported (12). 
Though this undoubtedly is not an invariable occurrence, it is 
a factor which should be considered in green manuring practices. 
Though green manures serve to increase the available nitrogen 
supply in the soil, they are probably less effective in build­
ing up the organic matter level, or even in maintaining it, 
than crop residues more resistant to microbial decomposition. 
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B. Kfltrc^en Mineralization Experiments 
Soil fertility depends to a considerable extent upon the 
rate at which complex organic nitrogen compounds in the soil 
are conirerted to inorganic forms which can be assimilated by 
crop plants. Nitrogen which accumulates in the mineral form 
may be considered to be superfluous to the needs of soil micro­
organisms, and this accmtilation occurs only when the food 
supply of the soil population is unbalanced by an excess of 
nitrogen. On the other hand, if carbonaceous material is 
present in excess, immobilization takes place and appreciable 
quantities of inorganic nitrogen are not produced until the 
unbalance has swung over to an excess of nitrogen. This 
change in balance is largely brought about through the loss 
of carbon, representing a diminution in the energy available 
to soil microbes. In the deeonposition processes there is an 
interval between the time inorganic nitrogen is imaobilized, 
that is, assimilated by iiiicroorganisiBs, and the time when 
active affiEonification begins. Since the transition from one 
condition to the other is a matter of carbon loss, it seems 
logical to believe that the length of this Interval is a 
function of the intensity of microbial activity In soil. 
Experiments reported here in which glucose and cellulose 
were supplied as energy materials indicate that nitrogen 
release is to a certain extent dependent upon overall 
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mierobial acti-^ity. For exaaiple, in one ease gltieose alone 
stimulated nitrogen releag© froa th# soil. Apparently the 
ultiaiate oarbon; nitrogen ratio was d@creas©d by the adciition 
of carbon in a foTm whieh could be readily utilized. The 
added glueose in a sense eatalyzed th© oxidation of the 
organic fraction of th® soil, at the same time being almost 
completely oxidized itself, fhis did not occur with cellu­
lose, which was probably a less efficient agent in speeding 
up decomposition of the soil organic fraction. 
Plant materials less readily oxidized than glucose may 
stimulate nitrogen release froa the soil organic fraction 
because they add some nitrogen to the system, and a propor­
tionately smaller carbon loss brings about the necessary un­
balance where nitrogen is in excess and appears as a by­
product of microbial decomposition rather than being reuti-
lized. Stimulation of nitrogen release after the addition 
of plant residues to soil was obsenred in some of the experi­
ments and was not obse3r¥ed in others, depending upon the 
nitrogen content of the added material, degree of aeration 
of the soil, and possibly other factors. 
In the nitrogen release experiments most of the nitrogen 
mineralized, usually more than BOfo, was deri¥ed from the soil 
organic matter, then mature plant residues are added to soil, 
much of the nitrogen in their protein is no doubt assimilated 
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hy soil microbes. However, this nitrogen in recently syn­
thesized cells does not aeea to become available very soon, 
the greater portion of nitrogen released being derived from 
organic matter in a more advanced stage of decoa^osition— 
that fraction which is oommonly termed humus. 
1 % One experiment with Sudan grass enriched with C and 
a 5 
« showed that nitrogen release from the soil organic matter 
was accelerated to a greater extent than was decos^iosition of 
the organic matter as a whole, for example, after the addi­
tion of 300 mg. Sudan grass to E5 g. Clarion silt loam, 79^ 
of the organic nitrogen and of the organic carbon present 
were contained in the soil organic fraction. After decomposi­
tion had progressed 32 days about 60:;l of the nitrogen mineral­
ized resulted from the breakdown of organic soil nitrogen 
compounds whereas only 20'$ of the cai*bon dioxide produced dur­
ing this interval was derived from the soil organic matter. 
The ratio of carbon lost to nitrogen released from the Sudan 
grass was 32:1 and the corresponding ratio for the soil organ­
ic matter was 3.7:1. A higher proportion of nitrogen release 
would naturally be expected at the narrower ratio. 
It is possible that a large part of the nitrogen supplied 
to succeeding crops by green manures has its origin in the 
supposedly stable soil organic matter rather than in the fresh 
plant residues. In the example just cited where the initial 
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carbon: nitrogen ratio of the Sudan grass was 13:1 iranediate 
aiaaonlfication would haf® been expected, fhe nitrogen 
mineralized, however, was largely tbat whicli had already been 
"processed** by the microbial population. The nitrogen being 
mineralized from tha soil organic matter might be considered 
to be "displaced" by the nitrogen in plant proteins just be­
ginning a series of complex transformations, the last of which 
is conversion to nitrate. 
G. Bate of Decomposition of Plant Materials in Soil as a 
Function of the quantity Added 
Most of the work on organic matter decomposition in soil 
has been concerned with chemical changes in various constitu­
ents of the decomposing materials, and the relationships be­
tween chemical composition and microbial activity. No less 
important are some of the physical factors, which have re­
ceived far less consideration. One factor investigated in 
the course of this work was the effect of quantity of plant 
materials incorporated in soil on the relative rate of decom­
position. The expeOmental results show conclusively and 
Invariably that the extent of decomposition, as measured by 
carbon dioxide evolution, per unit of organic material added 
to soil is inversely related to the quantity added. 
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Many mieroblological reactions are of the autocatalytic, 
first order type. If the oirerall d©compositioa of straw in 
soil is a first order reaction then - dx/dt s kx, where x is 
the quantity of straw remaining at any tiiae t, and k is a 
constant. Since x is decreasing., dx/dt is negative. Ifher® 
X - xo at t • 0, the partleular solution of this equation is 
In xo/x « kt, and a plot of In xo/x against t should give a 
straight line of slope k. 
These values are given in Table 54 for the experiment 
in which oat straw at various levels of application was 
decomposed in Clarion silt loam, th® figures being based on 
the data of Table 13. The values of x© were expressed in 
terms of carbon dioxide for convenience, l^e data of Table 34 
are plotted in figure 17. It can be seen that where 100 mg. 
of straw was added the logarlthmio relationship held for 
about 10 days, but in the other two eases the reaction rate 
fell below the theoretical very soon. Beaetion velocity 
constants were ©stiraated on th© assumption that the reaction 
was logarithmic during the first few days. Even if the 
deeomposltion in all three cases had continued in the 
logarithmic phase, the relative decomposition rates would 
have been less at the higher levels of straw addition. 
Actually, the deviation from theoretical was greater the 
larger the addition of straw, thus accentuating th© dif­
ferences In reaction rat®. 
-10? 
Table 34. DeeompositioE of oat straw in Clarion silt loam. 
t in days x Xq / x  log xq/x 
« 160 
3 142.4 1.12 .051 
10 10E.4 1.56 .194 
M ?6.0 2.11 .3E4 
Xo • 641 
3 590.4 1.08 .037 
10 540.4 1.19 .074 
£4 496.£ 1.29 .llg 
35 469.9 1.3S .135 
Xo « 2565 
3 2437 1.05 .022 
10 2333 1.10 .042 
24 2221 1.15 .062 
35 2147 1.19 .077 
Xq  s  cOg et^lfalent of added straw 
X ® COg equi-ffalent of remaining straw at 
any time t 
-108-
0.5 
04 
400 m^' Stroiv 
0.1 
1600 mg- Straw 
15 ' ZO Z5 50 35 5 10 0 
Dciys 
Figure 17. Decomposition of straw in Clarion silt loam 
at 3 levels of application. 
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A similar interpretatioE of the data of Table 14 is 
given in Table 35 and Figmre .16. It is interesting to not® 
that this experiment where aeration of the soil was better 
than In the previous one, the decomposition of 100 mg» straw 
followed the first order reaction rate throughout the Bl-day 
period. At the other two levels the curves deviated from 
theoretical very soon after starting, suggesting some limit­
ing factor other than the availability of the straw to micro­
organisms. 
fable 36 and Figure 19, based on Table 17, show that in 
the experiment with Webster clay where mineral nutrients were 
added along with the various amounts of straw, the logarithmic 
relationship held for a longer time at the 400 ag. and 1600 mg. 
straw additions. However, the differences between reaction 
velocity constants for the three straw additions were even 
greater than before, A fourfold Increase in the quantity of 
straw added approximately halved the reaction velocity con­
stant. A comparison of Figure 19 with Figure 18 shows that 
the reaction velocity constants were hi^er in the former 
case; for exai^le in Figure 18 the k for the 100 mg. straw 
addition was 0.046 reciprocal days as compared with 0.115 in 
Figure 19. The addition of inorganic nutrients increased the 
reaction rates but the differences between the three levels 
of straw application were also increased. 
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Table 35. Decomposition of oat straw in Mina slit loam. 
t in days X Xq/X log Xq/x 
Xo = 160 
3 141.7 1.13 ^054 
6 117.6 1.36 .135 
14 85.9 1.86 .271 
21 61.2 2.62 .418 
3^0 = 641 
3 569.8 1.12 .051 
6 515.9 1.24 .094 
14 446.4 1.44 .158 
21 399.9 1.60 . E04 
X 0 « 2565 
3 2368 1.08 .034 
6 2277 1.13 .052 
14 2143 1.20 .078 
21 2064 1.24 .094 
Xq r GOg equivalent of added straw 
X « GOg egui^alent of remaining straw at 
any time t. 
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0-4 
0-3 
X 
X 0 
X 
0.2 
0.1 
0 
100 m^. Straw 
400 mg 
Straw 
/600 mg. Straw 
5 10 
Days 
15 ZD 
Figure 18. Decomposition of oat straw In Edina silt 
loam. 
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Table 36. Decoiaposition of oat straw in Webster clay. 
t in days x Xq/x  log x^/x 
= 160 
1 141.5 1.13 .054 
3 118.8 1.35 .130 
5 87.3 1.84 .£64 
7 66.9 2.39 .379 
9 56.7 2.83 .452 
14 39.0 4,12 .614 
18 27.1 5.92 .772 
Xq « 641 
1 615 1.04 .018 
3 • 554 1.16 .063 
5 474 1.35 .131 
7 484 l.Sl .179 
9 400 1.60 .205 
14 357 1.80 .254 
18 331 2.12 .327 
Xq r 2565 
1 2512 1.02 .009 
3 2390 1.07 .030 
5 2249 1.14 .057 
7 2133 1.20 .081 
9 2054 1.25 ,098 
14 1945 1.32 .120 
18 1875 1.37 .136 
Xq » GOg equivalent of straw added 
~ GOg equivalent of remaining straw at 
any time t 
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Figure 19. Decomposition of oat straw in Webster clay. 
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Proft the foregoing, it may be seen that differences in 
relative decomposition rates were not eliminated by more 
effective aeration or by Increas-lng the quantity of inorganic 
nutrients available to microorganisms. Figure 20, based on 
data from Table 15, shows that these differences are at least 
partially independent of the soil organic matter. This figure 
emphasizes the fact that increasing the quantity of plant 
material added to soil enhanees the decomposition rate of the 
soil organic matter, but decreases the decomposition rate of 
the added straw. Since the nitrogen content but not the 
carbon content of the soil was determined at the time of the 
original experiment, and since no more soil was available for 
later analysis, the soil organic matter curves in Figure 20 
were computed on the basis of an assumed 15:1 carbon: nitrogen 
ratio. The error Involved in this approximation would not 
affect the interpretation of the graph. 
Where straw was decomposed in Clarion fine sandy loam 
and subsurface loess containing little organic matter, the 
differences between relative decomposition rates were smaller 
than observed in the previous experiments, as shown in 
Figure Si, based on Tables 36 and 37. Here, where the effect 
of the organic matter was mininized, the decomposition rates 
were nearly logarithmic at all three straw levels during the 
11 day period. 
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/ g. Sudan ^ rass 
.20 -
Z S u d a n  g r a s s  
.15 
Soil O. M- fh Zg. 
S u d a n  g r a s s — •  
.05 
So i l  O .Mjy i fh  /g .  
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SO 40 30 ZO 10 0 
Days 
Figure 20. Decomposition of Sudan grass enriched 
with g13 in iiiaes-fhurman soil. 
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Table 3i. Deeompositioa of oat straw in Clarion fine 
sandy loam. 
t in days x Xq/x log Xq/x 
« 160' 
1 154.§ 1.04 .016 
g 148.9 1.08 .032 
3 143.7 1.12 .048 
4 13?.S 1.17 .oe? 
7 181.4 1.32 ,121 
11 104.0 1.64 .188 
*0' * ^41 
1 626 1.02 .011 
2 604 1.06 .026 
3 500 1.10 .043 
4 558 1.15 .060 
7 503 1.28 .106 
11 454 1.41 .150 
S 2555 
1 2511 1.02 .009 
2 2445 1.05 .021 
3 2365 1.08 .035 
4 2284 1.12 .050 
5 2218 1.16 .063 
7 2102 1.22 .087 
9 1995 1.29 .109 
11 1895 1.35 .132 
^o = COg etuivaleat of added straw 
^ = COg equivalent of remaining straw at 
any time t 
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Table 37. Oeccmposition of oat straw ia subs\irface loess. 
t in days x x^/x log x^/x 
XQ r 160 
1 154.4 1.04 .017 
g 150.8 1.06 .027 
3 149.0 1.08 .032 
4 147.1 1.09 .038 
7 134.0 1.20 .078 
11 120.7 1.33 .124 
= 641 
1 635 1.01 .005 g 6S8 1.02 .009 
3 620 1.04 .015 
4 603 1.06 .026 
7 §50 1.17 .068 
11 501 1.28 .108 
Xo = 2565, 
1 2527 1.01 .006 
2 2494 1.03 .013 
3 E464 1.04 .017 
4 2417 1.06 .026 
5 2360 1.09 .036 
7 £252 1.14 .057 
9 2152 1.19 .077 
11 2066 1.24 .094 
= COg et^l^aleEt of added straw 
X s C0£ equivalent of remaining straw 
at time t 
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Figure SI. Decomposition of straw in subsurface loess 
and Clarion fine sandy loam. 
-119 
On the basis of these experimental resialts it appears 
that when crop residues are incorporated in soil, the activity 
of the population which develops is affected not only by the 
availability of the energy material, but also by factors re­
lated to the quantity of residues added. Among these may be 
the extent of reactive surface or space available for the 
development of microorganisms. 
From a practical standpoint, it matters little whether 
differences in relative decomposition rates are due to space 
limitations, nutrient deficiencies, or to less than propor­
tionate breakdown of soil organic matter at higher levels of 
plant residue addition. The important point is that small 
amounts of organic material in soil decompose more rapidly 
than larger quantities. These findings suggest that infre­
quent, large applications of organic residues to soil may do 
more toward building up or maintaining the organic matter 
level than frequent, small applications. 
The data correlating nitrogen immobilization with the 
quantity of straw added to soil, though preliminary in nature, 
suggest that assimilation of inorganic nitrogen by micro­
organisms may not necessarily be proportional to their pro­
duction of carbon dioxide. 
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D. Aeration Ixperiseats 
Another physioal factor affecting nitrogen transfoma-
tions and organie matter de«oaposition is partial pressure 
of oxygen in tbe soil air. fMs is of particular importanc® 
in nitrification, which is an entirely aerobic process. 
By means of a specially constructed apparatus, decompo­
sition processes were studied at four different partial 
pressures of oxygen. The rather slow breakdown of organic 
matter in a febster clay soil was not appreciably affected 
by variation in th« oxygen tension. Neither was the total 
release of nitrogen from the organic matter, although the 
proportion of this in the nitrate form was greater under the 
more highly aerobic conditions. This suggests that microbial 
activity was limited more by the available energy supply than 
by oxygen tension under these conditions, and eaphasized the 
versatility of the soil population in becoming adapted to 
changing environmental conditions. ABBSonification is a 
function of a number of different microbial species, both 
aerobic and anaerobic, end was not in this case affected by 
a lack of oxygen, but nitrification, as would be expected, 
was retarded by a deflcieney of oxygen. 
The rates of decoiqposition of three types of plant 
residues, Sudan grass, soybean straw, and sweet clover, wei« 
found to be a function of the oxygen percentage. The higher 
•1£1 
the oxy^&n percentae® in th« aeration stream, the more exten­
sive was the decomposition of these residues. Ihis is not 
surprising in view of the fact that carbon dioxide production 
is essentially an oxidative process, and in the absence of 
sufficient oxygen, occurs at the expense of chemically com­
bined oxygen in the substrate. In the latter case reduction 
products such as alcohols are formed, which are not further 
broken down under anaerobic conditions. 
Mitrogen release from the soils mixed with plant residues 
was more rapid at low oxygen tensions than under fully aeTObic 
conditions. This might be partially explained on the basis 
of the fact the development of fungi and actinomycetes is 
greatly restricted where the oxygen supply is limiting. When 
oxygen is deficient, facultative aerobic and anaerobic 
bacteria develop. These have lower nitrogen requirements in 
proportion to the quantity of material utilised than do the 
aerobic organisms. Consequently, a smaller quantity of 
nitrogen is needed to constitute an excess at the lower 
oxygen tensions, so amraonification is more rapid. 
Itoe decomposition of sucrose in soil at various oxygen 
tensions differed in several respects from that of plant 
materials under the same conditions. In Webster clay, de­
composition of sucrose was more extensive at 0.9 and 4.5% 
oxygen than at 20S», whereas in Clarion fine sandy loam there 
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was Eo signifieant difference in the ©xteat of iecomposi tioE 
at 4.5^ and 20^ oxygen. It might be inferred from this that 
the iebster soil had a sderobial population better adapted to 
a limited oxygen supply than did the Clarion. - This might be 
used as supporting eTidene© for the belief held by some micro­
biologists that each soil has a microbial flora as character­
istic of it as are some of the more obvious properties such 
as profile development. 
It was rather surprising to find that in the decomposi­
tion of sucrose in ilebster clay, the quantity of nitrogen 
added as asmoniuii phosphate which was imtaobilized was the 
same at all four oxygen percentages. In this case, the quan­
tity of nitrogen iamobilized by the aicroorganisas was com­
pletely independent of their inspiration. 
On the basis of the findings of the aeration experiments 
reported her®, it would be difficult and unwise to draw any 
general conclusions. The data do have value in indicating 
the complexity of the problem and the need for further study. 
It is well known that nitrogen transforations in soils 
are greatly different under fully aerobic and fully anaerobic 
conditions, yet the normal situation in soils probably lies 
somewhere between these two extremes. Careful and •thorough 
investigations of the effect of partial pressure of oxygen on 
aicrobial processes under noma! soil conditions are needed. 
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Smcli studies might thmw sm& light on untxplainahle losses 
of nitrogen reported by s@Teral investigators. 
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¥. S0MM4HY .M COKCLUSTOMS 
In the decomposition of highly available energy 
materials smch as suorose in soil it was ^owa that a net 
loss in organic matter may occur. Plant residues of the 
type used for green manures were found to accelerate the 
decomposition of more resistant residues mixed with thea. 
This indicates that green manures may under some conditions 
decrease the soil organic matter, rather than increase it. 
Nitrogen mineralization experiments, some of which 
involved the use of as a tracer, indicated that most 
nitrogen released after the addition of plant residues to 
soil is derived from the soil rather than from the added 
residues. Nitrogen release appeared to depend to some 
extent on the intensity of microbial activity, and was more 
rapid where glucose was used as a source of available 
energy than where cellulose was used. 
fhe relative rate® of decomposition of plant materials 
in soil were found to be inversely related to the quantity 
added. Ihis probably can be attributed to lack of propor­
tionate stimulation of soil organic matter decomposition by 
added plant residues, mineral nutrient deficiencies at 
hi#er levels of straw addition, aeration differences, and 
to space limitations of the development of microorganisms. 
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The rate of decomposition of plant residues in soil was 
found to be a function of the partial pressure of oxygen. 
Hitrogen rslease from these residues was greatest at the 
lowest oxygen percentage. In the decomposition of sucrose 
in soil, the evolution of carbon dioxid® was not directly 
related to the oxygen percentage and ifflaobilization of 
HH4-nitrog©n was independent of it. The need for further 
investigation of the effects of oxygen tension on microbial 
processes was Indicated. 
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